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ELH

Al sy
ALT
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CEA

dB

dBA
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A2

DUR(A)

EPNL

GLOSSARY

Above ground level
Aerospace Information Report

A-Weighted sound level, expressed in decibels (See
LA}

Maximum A-weighted sound level, expressed in
decibels (see Lgy)

As measured maximum A-weighted Sound Level
Aircraft altitude above the microphone lecation
Approach operational mode

Centerline Center

Closest point of approach

Distance

Decibel

A-Weighted sound level expressed in units of
decibels (see A7)

Degree of freedom

Delta, or change in value

Correction term obtained by correcting SPL values
for atmospheric absorption and flight track
deviations per FAR 36, Amendment 9, Appendix A,
Section A36.11, Paragraph d

Correction term accounting for changes in event
duration with deviations from the reference flight
path

"10 dB-Down" duration of Ly time history

Effective perceived noise level (symbol is
LEPN)

viidi




EV = Event, test run number

FAA - Federal Aviation Administration

FAR £ Federal Aviation Regulation

FAR-36 - Federal Aviation Regulation, Part 36
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KIAS = Knots Indicated Air Speed

kip) - Propagation constant describing the change in noise

level with distance

k(s) - Propagation constant describing the change in SEL
with distance

Ets = Enots

La - A-Weighted sound level, expressed in decibels
Leqg -~ Equivalent sound level
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HWS £ National Weather Service
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PISLM - Precision integrating sound level meter
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SLR
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Society of Automotive Engineers
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Duration correction factor
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Sound pressure level
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Takeoff

Department of Transportation, Transportation Systems
Center

Velocity
Visual Approach Slope Indicator

Maximum speed in level f£light with maximum
continuous power

Never—exceed speed

Velocity for best rate of climb




1.0 Introduction — This report documents the results of a Federal Avia-

tion Administration (FAA) noise measurement/flight test program involving
the Boeing Vertol 234/CH-47D helicopter. The report contains documentary
sections describing the acoustical characteristics of the subject

helicopter and provides analyses and discussions addressing topics ranging

from acoustical propagation to envirommental impact of helicopter noise.

This report is the seventh in a series of seven documenting the FAA
helicopter noise measurement program conducted at Dulles International

Airport during the summer of 1983.

The CH-47D test program was conducted by the FAA in cooperation with
Boeing Vertol and a number of supporting Federal agencies. The rigorously
controlled tests involved the acquisition of detailed acoustical, poesitien

and meteorological data.

This test program was designed to address a series of abjectives
including: 1) acquisition of acoustical data for use in heliport environ-
mental impact analyses, 2) documentation of directivity characteristics
for static operation of helicopters, (3) establishment of ground-to-ground
and air-to—-ground acoustical propagation relationships for helicopters,

4) determination of noise event duration influences on energy dose
acoustical metrics, 5) examination of the differences between noise
measured by a surface mounted microphone and a microphone mounted at a
height of four feet {1.2 meters), and 6) documentation of noise levels
acquired using international helicopter noise certification test

procedures.




The helicopter is a complex aircraft which generates noise from many
different sources. Figure 1.1 provides a diagram identifying some of
these sources. Two other noise generating mechanisms (both producing
impulsive noise) are blade vortex interaction (see Figure 9. 12) and high
advancing tip Mach Numbers. These figures are provided for the reader's

reference, since this report deals with the helicopter's noise in general,

The appendices to this document provide a reference set of acoustical data
for the Hughes helicopter operating in a variety of typical flight
regimes. The first seven chapters contain the introduction and descrip-
tion of the helicopter, test procedures and test equipment, Chapter 8
describes analyses of flight trajectories and meteorological data and is
documentary in nature. Chapter 9 delves into the areas of acoustical
propagation, helicopter directivity for static operations, and variability
in measured acoustical data over various propagation surfaces. The
analyses of Chapter 9 in some cases succeed in establishing relationships
characterizing the acoustic nature of the subject helicopter, while in
other instances rhe results are too variant and anomalous to draw any firm
conclusions. In any event, all of the analyses provide useful insight to
people working in the field of helicopter envirommental acoustics, either
in providing a tool or by identifying areas which need the illumination of

further research efforts.
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TEST HELICOPTER DESCRIPTION

2.0 Test Helicopter Description — The 234/CH-47D (Chinook) is a

helicopter that the manufacturer, Boeing Vertol of Philadelphia,
Pennsylvania, currently produces for the U.S. Army. The aircraft was
designed to meet the Army's need for an all-weathep medium transport
helicopter that could operate under severe altitude and temperature
conditions, It is equipped to transport two pilots, 33 to 44 troops or 24
litters and two attendants. Other features include a triple external
cargo hook system, ferry fuel tanks, and a power—down ramp and water dam
so that the ramp may operate on water. Figure 2.1 provides general

dimensional figures for the helicopter.

The Roeing Vertol Company originally constructed this helicopter as a
military transport under the designation Ch=47D. Later, a civil transport
version of the original military helicopter was developed and designated
as the BV 234, Acoustically, there are a few prominent differences
between the two versions. The basic airframe, power plant and rotor
system are identical for the two models with the exception that the Ch-47D
has an outside air-scoop in the nose area which is not present on the
civilian BV 234 model. The primary acoustical differences, however, occur
with operational considerations of rotor RPM and relaive fore/aft rotor
tilt., The CH-47D uses a constant rotor speed of 2325 EPM while the BV 234
uses a rotor speed of 220 RPM. The CH-47D utilizes a military rotor trim
which establishes the minimum distance separation between the lane of the
fore rotor and the plane of the aft rotor. The BV 234 uses an alternative
civil trim which further separates the fore/aft rotor planes, thus

minimizing the degree of vortex interaction between the rotor system,




In the test program, a number of different flight configurations were
utilized to employ both military and civilian operational characteristics.
Section 7 specifies the operational mode for each test series. Throughout
the report, the helicopter is usually referred to by both its names—-BV
234/Ch-47D--but within specific analyses utilizing data from a particular

test series, only the appropriate civil or military designation is used.

Selected operational characteristice, obtained from the helicopter
manufacturer, are presented in Table 2.l1. Table 2.2 presents a summary of
the flight operational reference parameters determined using the
procedures specified in the International Civil Aviation Organization
(1CAQ) noise certification testing requirements, Presented aleng with the
operational parameters are the altitudes that one would expect the
helicopter to attain (referred to the ICAO reference test sites). This
information is provided so that the reader may implement an ICAOQ type data
correction using the "As Measured" data contained in this report. This
report does not undertake such a correction, leaving it as the topic of a

subsequent report,



FIGURE 2.1

BOEING VERTOL 234/CH-47D GENERAL DIMENSIONS
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TABLE 2.1

HELICOPTER CHARACTERISTICS

HELICOPTER MANUFACTURER
HELICOPTER MODEL

HELICOFTER TYPE

TEST HELICOPTER N-NUMBER
MAXIMUM GRO3S TAKECFF WEIGHT
NUMBER AND TYPE OF ENO NES
SHAFT HORSE POWER

MAXIMUM CONTINUOUS FPOWER

SPECIFIC FUEL CONSUMPTION AT
MAXIMUM POWER (LB/HR/HF)

NEVER EXCEED SPEED (Vyg)

MAX SFEED IN LEVEL FLIGHT
WITH MAX CONTINOUS POWER (Vg)

SPEED FOR BEST RATE OF CLIMB (Vy)

BEST RATE OF CLIMB

: Boeing Vertol

: 234

: Tandem rotor

: N JO16

. 48,500 lbs (21,999 kg)

: 2 Lycoming T55-L-T12

: 4075 HFP

+.2975 HP

.533 LB/HR/HP

: 180 KIS

: 145 KIS

+ 85 KIS

1120 FT/MIN

FORWARD AND AFT ROTOR SPECIFICATIONS

ROTOR SPEED
DIAMETER

CHORD

NUMBER OF BLADES
BLADE LOAD

FUNDAMENTAL BLADE PASSAGE
FREQUENCY

ROTAT DNAL TIP MACH NUMBER (77°F)

: 225 RFM

s BRI

: 2.67 FT.

s |

. 101 LBS/FT¢

11 Hz

.6349




TABLE 2.2

ICAQ REFERENCE PARAMETERS

TAKEOFF APPROACH LEVEL FLYOVER

ATRSPEED (KTS) : B85 85 145
RATE OF CLIMB/DESCENT (fpm) : 1120 NA
CLIMB/DESCENT ANGLE (DEGREES) : 789 6° NA
ALTITUDE/CPA (FEET)

SITE 5 : 217/215 342/350 492

SITE 1 : 281/279 394/392 492

SITE 4 : 346/343 L46/4453 492
SLANT RANGE (FEET) TO

SITE 2 : 567 630 696

SITE 3 : 567 630 696




TEST SYNOPSIS

3.0 Test Synopsis — Below is a listing of pertinent details pertaining to

the execution of the helicopter tests.

1. Test Sponsor, Program Management, and Data Analysis: Federal
Aviation Administration, Office of Enviromment and Energy, Nolse Abatement
Division, Noise Technology Branch (AEE-120).

2. Test Helicopter: Ch-=47D, provided by Boeing Vertol

3. Test Date: Friday, July 22, 1983

4. Test Location: Dulles International Airport, Runway 30 over-rum
area.

5. Noise Data Measurement (recording), processing and analysis:
Department of Transportation (DOT), Transportation Systems Center (TSC),
Noise Measurement and Assessment Facility.

§. MNoise Data Measurement (direct-read), processing and analysis:
FAA, Noise Technology Branch (AEE-120).

7. Cockpit instrument photo documentation, photo-altitude
determination system; documentary photographs: Department of
Transportation, Photographic Services Laboratory.

8. Meteorological Data (fifteen minute observations): National
Weather Service Office, Dulles International Alrport.

9. Meteorological Data (radiosonde/rawinsonde weather balloon
launches): MNational Weather Service Upper Air Stationm, Sterling Park,
Virginia.

10. HMeteorological Data (on site observations): DOT-TSC.

11. Flight Path Guidance (portable visual approach slope Indicator
(VASI) and theodolite/verbal course corrections): FAA Technical Center,
ACT-310.

12. Air Traffic Control: Dulles International Airport Adr Traffic

Control Tower.




FIGURE 3.1
Flight Test and Noise Measurement Personnel
In Action
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13. Test site preparation; surveying, clearing underbrush, connecting
electrical power, providing markers, palnting signs, and other physical
arrangements: Dulles International Alrport Grounds and Maintenance, and

Mrways Facilities personnel.

Figure 3.1 is a photo collage of flight test and measurement personnel

performing thelr tasks.

3.1 Measurement Facility — The noise measurement testing area was located

adjacent to the approach end of Runway 12 at Dulles International Afrport.
(The approach end of Runway 12 is synonymous with Runway 30 over-run
area.) The low ambient noise level, the availlability of emergency equip-
ment, and the security of the area all made this location desirabla.
Figure 3.2 provides a photograph of the Dulles terminal and of the cest

area .

The test area adjacent to the runway was nominally flat with a ground
cover of short, clipped grass, approximately 1800 feet by 2200 feet, and
bordered on morth, south, and west by woods. There was minimum interfer-—
ence from the commercial and general aviation activity at the airport
since Runway 12/30 was closed to normal traffiec during the tests. The
runways used for normal traffic, 1L and 1R, were approximately 2 and 3

miles east, respectively, of the test site.

The flight track centerline was located parallel to Runway 12/30 centered
between the runway and the taxiway. The helicopter hover point for the
static operations was located on the southwest cormer of the approach end
of Runway 12. Eight noise measurement sites were established in the

grassy area adjacent to the Runway 12 approach ground track.

11




Figure 3.2

The Terminal and Air Traffic Control Tower
at Dulles International Airport

Approach to Runway 12 at Dulles Noise
Measurement Site for 1983 Helicopter Tests

12



3.2 Microphone Locations — There were eight separate microphone sites

located within the testing area, making up two measurement arrays. One
array was used for the flight operations, the other for the static
operations. A schematic of the test area is shown in Figure 3.3.

A. Flight Operations — The microphone array for f£light operations

consisted of two sideline sites, numbered 2 and 3 in Figure 3.3, and three
centerline sites, numbered 53, 1, and &, lcocated directly below the flight
path of the helicopter. Since site number 3, the north sideline site, was
located in a lightly wooded area, it was offset 46 feet to the west to
provide sufficlent clearance from surrcunding trees and bushes.

B. Static Operations - The microphone array for statle operations

conslsted of sites 7H, 5H, 1H, 2, and 4H. These sites were situated
around the helicopter hover point which was located on the southwest
corner of the approach end of Runway l2. These site locations allowed for

both hard and soft ground-to—ground propagation paths.

3.3 Flight Path Markers and Guidance System Locations - Visual cues in

the form of squares of plywood painted bright yellow with a black "X" din
the center were provided to define the takeoff rotation point. This point
was located 1640 feet (500 m) from centerline center (CLC) microphone
location. Four portable, battery—powered spotlights were deployed at
varicus locartions to assist pilots in maintaining the array centerline.

To provide visual guidance during the approach portion of the test, a
standard visual approach slope indicator (VASI) system was used. In

addition to the visual guidance, the VASI crew also provided verbal

12




guidance with the aid of a theodolite. Both methods assisted the
helicopter pilot in adhering to the microphone array centerline and in
maintaining the proper approach path. The locations of the VASI from CLC

are shown in the following table.

Approach Angle Distance from CLC
(degrees) (feer)
12 1830
9 2456
6 3701
3 7423

Each of these locatlons provided a glidepath which crossed over the
centerline center microphone locatlon at an altitude of 394 feet.
This test program included approach operations utilizing 6, 9 and 12

degree glide slopes.
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FIGURE 3.3
Noise Measurement and Photo Site Schematic
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TEST PLANNING AND BACKGROUND

4.0 Test Flanning/Background Activities — This section provides a brief

discussion of important administrative and test planning activities.

4.1 Test Program Advance Briefings and Coordination - A pre-test briefing

was conducted approximately one month pricr to the test. The meeting was
attended by all pilots participating in the test, along with FAA program
managers, manufacturer test coordinators, and other key test participants
from the Dulles Alrport community. During this meeting, the airspace
gsafety and communications protocol were rigorously defined and at the same
time test partlicipants were able to iron out leogistical and procedural
details. On the morning of the test, a final brief meeting was convened
on the flight line to review safety rules and coordinate last-minute

changes in the test schedule.

4.2 Communications Network = During the helicopter noise measurement

test, an elaborate communications network was utilized to manage the
various systems and crews. This network was headed by a central group
which coordinated the testing using thres two-way radio systems,

designated as Radios 1-3.

Radio 1 was a walkie talkie system operating on 169.275 MHz, providing
communications between the VASI, Natlional Weather Service, FAA Acoustic
Measurement crew, the TSC acoustic team coordinator, and the nolse test

coordinating team.

Radio 2 was a second walkie talkie system operating om 170.40 MHz,
providing communications between the TSC acoustic team coordinator and the

T5C acoustic measurement teams.
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Radio 3, a multi-channel transceiver, was used as both an air—to-ground
and ground-to—ground communications system. In alr-to-ground mode it
provided communications between VASI, helicopter flight crews, and noise
test control on 123.175 MHz. In ground-to-ground mede it provided
communications between the alr traffic control tower (121.9 MHz), Page

Avjet (the fuel source; 122.95 MHz), and nolse test control.

A schematic of this network is shown in Figure 4.1.

4.3 Local Media Notification — Noilse test program managers working

through the FAA Offlice of Publie Affairs released an article to the local
media explaining that helicopter noise tests were to be conducted at
Dulles Alrport on July 22, the test day commencing around dawn and
extending through midday. The article described general test objectives,
flight paths, and rationale behind the very early morning start time (low
wind requirements). In the case of a farm located very close to the
alrport, a member of the program management team personally visited the
residents and explained what was golng to be involved in the test. As a
consequence of these efforts (it is assumed), there were very few

complaints about the test program.

4.4 Ambient Noise — One of the reasons that the Dulles Runway 30 over-run

area was selected as the test site was the low ambient noise level in the
area. Typically one observed an A-Weighted LE(Q on the order of 45 dB,
with dominant transient noise sources primarily from the avian and insect
families. The primary offender was the Collinus Virginianus, commonly

known as the bobwhite, quall, or partridge. The infrequent intrusive

19




gound pressure levels were on the order of 55 dB centered 1in the 2000 Hz
one-third octave band. A picture of the noisy offender and a narrow band

analysis of its song may be found in Figure 4.2

As an additional measure for safety and for lessening ambient noise, a
Noktice to Airmen or NOTAM was issued advising aircraft of the noise test,

and indicating that Runway 12/30 was closed for the duratiom of the test.

FIGURE 4.2

1.5 Sec. Avg.
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DATA ACQUISITION AND GUIDANCE SYSTEMS

5.0 Data Acquisition and Guidance Systems — This section provides a

detailed descripticon of the test program data acquisition systems, with
speclal attention given to documenting the operational accuracy of each
system. In addition, discussion is provided (as needed) of field
experiences which might be of help to others engaged in controlled
helicopter noise measurements. In each case, the location of a given

measurement system is described relative to the helicopter f£light path.

5.1 Approach Guidance System - Approach guidance was provided to the

pilot by means of a visual approach slope indicator (VASI) and through
verbal commands from an observer using a ballon—tracking theodolite. (A
plcture of the theodolite is included in Figure 3.1, in Section 3.0.) The
VASI and theodolite were positioned at the point where the approach path

intercepted the ground.

The VASI system used in the test was a 3-light arrangement giving vertical
displacement information within 0.3 degrees of the reference approach
slope. The pllot observed a green light if the helicopter was within 0.5
degrees of the approach slope, red if below the approach slope, white if
above. The VASI was adjusted and repositioned to provide a variety of

approach angles. A picture of the VASI is included in Figure 3.1.

The theodolite system, used in conjunction with the VASI, also provided
accurate approach guidance to the pilot. A brief time lag existed between

the instant the theodolite observor perceived deviation, transmitted a




command, and the pilot made the correction; however, the theodolite crew
was generally able to alert the pilot of approach path deviations (slope
and lateral displacement) before the helicopter exceeded the limits of the
one degree green light of the VASI. Thus, the helicopter only occasional-
ly and temporarily deviated more than 0.5 degrees from the reference

approach path.

Approach paths of 6 and 9 degrees were used during the test program.
Table 5.1 summarizes the VASI beam width at each measurement location for

a variety of the approach angles used in this test.

TABLE 5.1

REFERENCE HELICOPTER ALTITUDES FOR APPROACH TESTS
(all distances expressed in feet)

MICROPHONE MICROPHONE MICROPHONE
NO. & NO. 1 NO. 5
APPROACH A = BOLO A= 7518 A= 7026
ANGLE = 3° B= 420 BE= 394 B= 368
c= +70 C= +66 C= +52
6° A= 424] A = 3749 A = 3257
B = 446 B = 1394 B = 342
C= +37 C= 33 Cost 420
g° 4 = 2980 A = 2488 A= 1362
B= 472 B = 394 B = 3l6
c= +27 C = +27 C= +18
iy N |

A = distance from VASI to microphonme location
B = reference helicopter altitude

C = boundary of the 1 degree VASI glide slope
"beam width".
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5.2 Photo Altitude Determination Systems - The helicopter altitude over a

given microphone was determined by the photographic technique described in
the Society of Automotive Engineers report AIR-902 (ref. 1), This
technique involves photographing an aircraft during a flyover event and
proportionally scaling the resulting image with the known dimensions of
the aircraft, The camera is initially calibrated by photographing a test
object of known size and distance. Measuring the resulting image enables
calculation of the effective focal length from the proportional
relationship:

(image length)/(object length) = (effective focal length)/(object
distance)

This relationship is used to calculate the slant distance from microphone
to aircraft, Effective focal length is determined during camera
calibration, object lemgth is determined from the physical dimensions of
the aircraft (typically the rotor diameter or fuselage) and the image size
is measured on the photograph. These measurements lead to the calculation
of object distance, or the slant distance from camera or microphone to
aircraft. The concept applies similarly to measuring an image on a primt,

or measuring a projected image from a slide.

The SAE AIR-902 technique was implemented during the 1983 helicopter tests
with three 35mm single lens reflex (SLR) cameras using slide film. A
camera was positioned 100 feet from each of the centerline microphone
locations. Lenses with different focal lengths, each individually
calibrated, were used in photographing helicopters at differing altitudes
in order to more fully "fill the frame" and reduce image measurement

ELror.
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Figure 5.1
Photo Overhead Positioning System
(Pop System)

7
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Photographs of the Boeing Vertol 234/Ch-47D, as taken
by the photographer using the POP system.
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The photoscaling technique assumes the aircraft is photographed directly
overhead, Although SAE AIR-902 does present equations to account for
deviations caused by photographing too soon or late, or by the aircraft
deviating from the centerline, these corrections are not required when
deviations are small, Typically, most of the deviations were acoustically

insignificant. Consequently, corrections were not required for anmy of the

1983 test photos,

The photographer was aided in estimating when the helicopter was directly
overhead by means of a photo—overhead positioning system (POPS) as
illustrated in the figure and pictures in Figure 5.1 The POP system
consisted of two parallel (to the ground) wires in a vertical plane
orthogonal te the flight path. The photographer, lying beneath the POP
system, initially positioned the camera to coincide with the vertical
plane of the two guide wires. The photographer tracked the approaching
helicopter in the viewfinder and tripped the shutter when the helicopter
crossed the superimposed wires. This process of tracking the helicopter
also minimized image blurring and the consequent elongation of the image

of the fuselage.

4 scale graduated in 1/32-inch increments was used to measure the
projected image. This scaling resolution translated to an error in
altitude of less than one percent, A potential error lies in the scaler's
interpretation of the edge of the image. 1In an effort to guantify this
error, a test group of ten individuals measured a gelection of the

fuzziest photographs from the helciopter tests. The resulting statistics

o,




revealed that 2/3 of the participants were within two percent of the mean
altitude, SAE AIR-902 indicates that the overall photoscaling technique,
under even the most extreme conditions, rarely produces error exceeding

12 percent, which is equivalent to a maximum of 1 dR error in corrected
sound level data. Actual accuracy varies from photo to photo; however, by
using skilled photographers and exercising reasonable care in the
measurements, the accuracy is good enough to ignore the resulting small

error in altitude.

Tests were recently conducted in West Germany which compared this camera

method with the more elaborate Kinotheodolite tracking method to discover

which was best for determining overflight height and overground speed.
Both methods were found to be reasonably accurate; thus, the simpler

camera method remains appropriate for test purposes (ref, 2},

5.3 Cockpit Photo Data — During each flight operation of the test

program, cockpit instrument pansl photographs were taken with a 35mm SLR
camera, with an 85mm lens, and high speed slide film. These pictures
served as verification of the helicopter's speed, altitude, and torque at
a particular point during a test event. The photos were intended to be
taken when the aircraft was directly over the centerline-center microphone
site #1 (see Figure 3.3). Although the photos were not always taken at
precisely that point, the pictures do represent a typical moment during
the test event. The word typical is important because the snapshot

freezes instrument readings at one moment in time, while actually the




readings are constantly changing by a small amount because of instrument
fluctuation and pilot input. Thus, fluctuations above or below reference
conditions are to be anticipated. A reproduction of a typical cockpit
photo is shown in Figure 5.2. This data acquisition system was augmented
by the presence of an experienced cockpit obersver who provided additional

documentation of operational parameters.

For future tests, the use of a video tape system is being considered to
acquire a continuous record of cockpit parameters during each data run.
Preliminary FAA studies (April 198%) indicate that this technique can be
successful using off the shelf equipment. When slides were projected onto
a screen, it was possible to read and record the instrument readings with

reasonable accuracy.

FIGURE 5.2

5.4 Upper Air Meteorological Data Acquisition/NWS: Sterling, VA - The

National Weather Service (NWS) at Sterling, Virginia provided upper air
meteorological data obtained from balloon-borne radiosondes. These data

consisted of pressure, temperature, relative humidity, wind direction, and




speed at 100' intervals from ground level through the highest test
altitude, The balloons were laonched approximately 2 miles north of the
measurement array. To slow the ascent rate of the balloon, an inverted
parachute was attached to the end of the flight train. The VIZ Accu-Lok
(manufacturer) radiosonde employed in these tests consisted of sensors
which sampled the ambient temperature, relative humidity, and pressure of

the air. Each radiosonde was individually calibrated by the manufacturer,

The sensors were coupled to a radio transmitter which emitted an RF signal
of 1680 MHz sequentially pulse-modulated at rates corresponding to the
values of sampled meteorological parameters, These signals were received
by the ground-based tracking system and converted into a continuous trace
on a strip chart recorder. The levels were then extracted manually and
entered into a minicomputer where calculations were performed. Wind speed
and direction were determined from changes in position and direction of
the "flight train" as detected by the radiosonde tracking system. Figure

5.3 shows technicians preparing to launch a radiosonde.

FIGURE 5.3
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The manufacturer's specifications for accuracy are:

Pressure = +4 mb up to 250 mb

Temperature = +0.5°C, over a range of +30°C to -30°C

Humidity = +5% over a range of #25°C to 5°C
The National Weather Service has determined the "operational accuracy" of
a radiosonde (as documented in an unpublished report entitled "Standard
for Weather Bureau Field Programs", 1-1-67) to be as follows:

Pressure = +2 mb, over a range of 1050 - 5 mb

Temperature = +1°C, over a range of +50°C to -70°C

Humidity = +5% over a range of +40°C to -40°C

The temperature and pressure data are considerad accurate enough for
general documentary purposes. The relative humidity data are the least
reliable. The radiosonde reports lower than actual humidities when the
air is near saturation. These inaccuracies are attributable to the slow

response time of the humidity sensor to sudden changes. (Ref. 3).

For future testing, the use of a SODAR (acoustical sounding) system is
being considered. The SODAR 1s a measurement system capable of defining
the micro-wind structure, making the influences of wind speed, direction

and gradient easier to identify and to assess in real time (Ref. 4).
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5.5 Surface Meteorological Data Acquisition/NWS: Dulles Adrport — The

National Weather Service Station at Dulles provided temperature,
windspeed, and wind direction on the test day. Readings were noted every
15 minutes. These data are presented in Appendix H. The temperature
transducers were located approximately 2.5 miles east of the test site at
a height of 6 feet (1.8 m) above the ground, the wind instruments were at
a helght of 30 feet (10 m) above ground level. The dry bulb thermometer
and dew point transducer were contained in the Bristol (manufacturer)
HO-61 system operating with + one degree accuracy. The windspeed and
direction were measured with the Electriec Speed Indicator (manufacturer)

F420C System, operating with an accuracy of 1 knot and +5°.

On-site meterclogical data were also obtained by TSC personnel using a
Climatronics (manufacturer) model EWS weather system. The anemometer and
Cemperature sensor were located 10 feet above ground level at noise

site 4. These data are presented in Appendix I. The following table
(Table 5.2) identifies the accuracy of the individual components of the

EWS system.

TABLE 5.2

Sensor Accuracy Range Time Constant
Windspeed +.025 mph 0-100 mph 5 sec

or 1.53
Wind +1.5% 0-360° Mech 15 seec
Direction 0-540% Elect
Relative +2% 0-100% RH 10 sec
Humidity 0-100% RH
Temperature +1.0°F =40 to +120°F 10 see




After "detection” (sensing), the meteorological data are recorded on a
Rustrak (manufacturer) paperchart recorder. The following table (Table

5.3) identifies the range and resolutions associated with the recording of

each paramater.

TABLE 5.3

Sensor Range Chart Resolution

Windspeed 0-25 TSC mod +0.5 mph
0-50 mph

Wind 0-540° +5°

Direction

Relatcive 0-100% RH +2% RH
Humidity
Temperature -40° to 120°F +1°F

5.56.0 Noise Data Acquisition Sytems/System Deployment - This sectlon

provides a detailed description of the acoustical measurement sysbLems
employed in the test program along with the deployment plan utilized in

each phase of testing.

5.6.1 Description of TSC Magnetic Recording Systems - TSC personnel
deployed Nagra two-channel direct-mode tape recorders. HNoise data were
recorded with essentially flat frequency response on one channel. The
same input data were welighted and amplified using a high frequency
pre—emphasis filter and were recorded on the second channel. The
pre-emphasis network rolled off those frequencies below 10,000 Hz at 20 dB
per decade. The use of pre—emphasis was necessary in order to boost the
high frequency portion of the acoustical signal (such as a helicopter

spectrum} characterized by large level differences (30 to 60 dB) between
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the high and low frequencies. Recording gains were adjusted so that the
best possible signal-to-noise ratio would be achieved while allowing
enough "head room" to comply with applicable distortion avoidance require-

ments.

IRIG-B time code synchronized with the tracking time base was recorded om
the cue channel of esach system- The typlcal measurement system consisted
of a General Radio 1/2 inch electret microphone oriented for grazing
incidence driving a General Radic P-42 preamp and mounted at a height of
four feet (1.2 meters). A 100-foot (30.5 meters) cable was used between
the tripod and the instrumentation vehicle located at the perimeter of the
test circle. A schematic of the acoustical instrumentation is shown in

Figure 5.4.

Figure 5.4 also shows the cutaway windscreen mounting for the ground
microphone. This configuration places the lower edge of the microphone
diaphram approximately one-half inch from the plywood (4 ft by 4 ft)
surface. The ground mlcrophone was located off center in order to avoid

natural mode resonant vibration of the plywood square.

5.6.2 FAA Direct Read Measurement Systems — In addition to the recording

systems deployed by TSC, four direct read, Type-l noise measurement
systems were deployed at selected sites. Each nolse measurement site
consisted of an identical microphone-preamplifier system comprised of a
Ceneral Radio 1/2-inch electret microphone (1962-9610) driving a General
Radio P-42 preamplifier mounted 4 feet (1.2m) above the ground and

oriented for grazing Iincidence. Each microphone was covered with a 3-inch

windscreen.

33




walsAg Juswainseal) asion peey 1sali(

(LWG°0g) .00L

/

=
I\
indinp-25a
(We L) &

Em““””m wodsues |
1o Z1 i)

18piooay i@alp [@Ae] punosg

jaAa olydeln BuneiBaju)

pOp-gp UoIsI9ald

SOILOSONBIN 0861 pey uao L et

\ dwesid zb-4 ‘HO

Ua313spulIpg aouapiou| Buizeln
auoydoioiy 18098|3 ,, % ‘HO 10} pajuslg auoydoioip

uonejuswWINIsUj JUsWIaINSeajy |22i13Snoayy

S IHNOId

34




Three of the direct read systems utilized a 100-foot cable connecting the
microphone system with a General Radio 1988 Precision Integrating Sound
Level Meter (PISLM). In each case, the slow response A-weighted sound
level was output to a graphic level recorder (GLR). The GLEs operated at
a paper transport speed of 5 centimeters per minute (300 cm/hr). These
systems collected single event data consisting of maximum A-weighted Sound
Level (AL), Sound Exposure Level (5EL), integration time (T}, and

equivalent sound level (LEQ).

The fourth microphone system was connected to a General Radio 1981B Sound
Level Meter. This meter, used at site 7H for static operations only,
provided A-weighted Sound Level walues which were processed using a micro

sampling technique to determine LEQ.

All instruments were calibrated at the beginning and end of each test day
and approximately every hour in between. A schematic drawing of the basic

direct read system is shown in Figure 5.3.

5.6.3 Deployment of Acoustical Measurement Imstrumentation — This section

describes the deployment of the magnetic tape recording and direct read

nolse measurement systems.

During the testing, TSC deployed six magnetic tape recording systems.
During the flight operations, four of these recording system were located

at the three centerline sites: one system at site 4, one at site 5, and




two at centerline center with the microphone of one of those systems at &
feet above ground, the microphone of the other at ground level. The two
remaining recording systems were located at the two sidelines sites. The
FAA deployed three direct read systems at the three centerline sites
during the flight operations. Figure 5.6 provides a schematic drawing of

the equipment deployment for the flight operations.

In the case of static operations, only four of the six recorder systems
were used. The recorder system with the 4-foot microphone at site 1 moved
to site 1H. The recorders at sites 4 and 5 moved to 4H and 5H
regpectively. The recorder at site 2, the south sideline site, was also
used. The three direct read systems were moved from the centerline sites
to sites 5H, 2, and 4H. The fourth direct read system was employed at
gite 7H. Figure 5.7 provides a schematic diagram of the equipment

deployment for the static operations.
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ACOUSTICAL DATA REDUCTION

6.0 Acoustical Data Reduction — This section describes the treatment of

tape recorded and direct read acoustical data from the point of
acquisition to point of entry into the data tables shown in the appendices

of this decument.

6.1 TSC Magnetic Recording Data Reduction - The analog magnetic tape

recordings analyzed at the TSC facility in Cambridge, Massachusetts were
fed into magnetic disc storage after filtering and digitizing using the
GenRad 1921 one-third octave real-time analyzer. Figure 6.1 is a picture
of the TSC facility; Figure 6.2 is a flow chart of the data collection,
reduction and output process accomplished by TSC personnel. Recording
system frequency response adjustments were applied, assuring overall
linearity of the recording and reduction system. The stored 24, ome-third
octave sound pressure levels (SPLs) for contiguous one-half second
integration periods making up each event comprise the base of '"raw data."
Data reduction followed the basic procedures defined in Federal Aviatiom
Regulation (FAR) Part 36 (Ref. 5). The following sections describe the

steps involved in arriving at final sound level values.

FIGURE 6.1
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£.1.1 Ambient Noise — The ambient noise is considered to consist of both

the acoustical background noise and the electrical noise of the
measurement system. For each event, the ambient level was taken as the
five to ten—second time averaged one—third octave band taken immediately
prior to the event. The ambient noise was used to correct the measured
raw spectral data by subtracting the ambient level from the measured noise
levels on an energy basis. This subtraction yielded the corrected noise
level of the aircraft. The following execptions are noted:

1. At one-third octave frequencies of 630 Hz and below, if the
measured level was within 3 dB of the ambient level, the medasured level
was corrected by being set equal to the ambient. If the measured level
was less than the ambient level, the measured level was not corrected.

2. At one—-third octave freguencies above 630 Hz, if the measured
level was within 3 dB or less of the ambient, the level was identified as

"masked."

6.1.2 Spectral Shaping — The raw spectral data, corrected for ambient

noise, were adjusted by sloping the spectrum shape at -2 dB per one-third
octave for those bands (above 1.25 kHz) where the signal to noise ratio
was less than 3 dB, i.e., "masked" bands. This procedure was applied in
cases involving no more than 9 "masked" one—third octave bands. The
shaping of the spectrum over this 9-band range was conducted to minimize
EPNL data loss. This spectral shaping methodology deviates from FAR-36
procedures in that the extrapolation includes four more bands than

normally allowed.

6.1.3 Analysis System Time Constant/Slow Response — The corrected raw

spectral data (contiguous linear 1/2 second records of data) were
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processed using a sliding window or weighted running logarithmic averaging
procedure to achieve the "slow" dynamic response equivalent to the "slow
response’ characteristic of sound level meters as required under the
provisions of FAR-36. The following relationship using four consecutive

data records was used:

0.1L,-2 o.1L.=1 0.3l

L; = 10 Log [0.13¢10.%°"473)40.21010.9 1172140, 27010.%° "E17 a0, 39010.0° L4y ]

where L;j is the one-third octave band sound pressure level for the ith

one-=half second record number.

6.1.4 Bandsharing of Tomes - All calculations of PNLTM included testing

for the presence of band sharing and adjustment in accordance with the

procedures defined in FAR-36, Appendix B, Section B 35.2.3.3, (Ref. 6).

6.1.5 Tone Corrections - Tone corrections were computed using the heli-

copter acoustical spectrum from 24 Hz to 11,200 Hz, (bands 14 through 40).
Tone correction values were computed for bands 17 through 40, the same set
of bands used in computing the EPNL and PNLT. The initiation of the tone
correction procedure at a lower frequency reflects recognition of the
strong low frequency tonal content of helicopter noise. This procedure is
in accordance with the requirements of ICAD Annex 16, Appendix &,

paragraph 4.3, (Ref. 7).

6.1.6 Other Metrics — In addition to the EPNL/PNLT family of metrics and

the SEL/AL family, the overall sound pressure level and 10-dB down dura-
tion times are presented as part of the "As Measured" data set in Appendix
A. Two Factors relating to the event time history (distance duration and

speed corrections, discussed in a later section) are also presented.
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6.1.7 Spectral Data/Static Tests - In the case of static operations,

tﬁirty-twu seconds of corrected raw spectral data (64 contiguous 1/2
second data records) were energy averaged to produce the data tabulated in
Appendix C. The spectral data presented is "as measured" at the emission
angles shown in Figure 6.3, established relative to each microphone
location. Also included in the tables are the 360 degree (eight emission
angles) average levels, calculated by both arithmetic and energy

averaging.

Note that "masked" levels (see Sectionm 6.1.1) are replaced in the tables
of Appendix C with a dash (-). The indexes shown, however, were

calculated with a shaped spectra as per Section 6.1.2,

FIGURE 8.3

Acoustical Emission Angle Convention

Right Side
45:! Wa 135;1

| = 180° Tail

315° 270° 225°
Left Side
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6.2 FAA Direct Read Data Reduction - Figure 6.4 provides a flow diagram

of the data collection, reduction and output process effected by FAA
personnel. FAA direct read data was reduced using the Apple Ile
microcomputer and the VISICALC? software package. VISICALC® is an
electronic worksheet composed of 256 x 256 rows and columns which can
support mathematical mamipulation of the data placed anywhere on the
worksheet. This form of computer software lends itself to a variety of
data analyses, by means of comstructing templates (worksheets constructed
for specific purposes). Data files can be constructed to contain a
variety of information such as noise data and position data using a file

format called DIF (data interchange format).

Data analysis can be performed by loading DIF files onto analysis
templates. The output or results can be displayed in a format suitable
for inclusion in reports or presentations. Data tables generated using
these technigques are contained in Appendices B and D, and are discussed in

Section 2.0.

6.2.1 Aircraft Position and Trajectory — A VISICALC® DIF file was created

to contain the photo altitude data for each event of each test series for
the test conducted. These data were input into a VISICALC® template
designed to perform a 3-point regression through the photo altitude data
from which estimates of aircraft altitudes could be determined for each

microphone location.
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6.2.2 Direct Read Noise Data - Another template was designed to take two

VISICALC® DIF files as input. The first contained the "as measured" noise
levels SEL and dBA obtained from the FAA direct read systems and the 10-dB
duration time obtained from the graphic level recorder strips, for each of

the three microphome sites.

The second consisted of the estimates of aircraft altitude over three
microphone sites. Calculationms using the two input files determined two
figures of merit related to the event duration influences on the SEL
energy dose metric. This analysis is described in Sectiom 9.4, All of

the available template output data are presented in Appendix B.




TEST SERIES DESCRIPTION

7.0 Test Series Description — The noise-flight test operations schedule

for the Boeing-Vertol CH-47D consisted of two major parts,

The first part or core test program included the ICAO certification test
operations (takeoff, approach, and level flyover) supplemented by level
flyovers at various altitudes (at a constant altitude), at various
alrspeeds (at a constant altitude), at different rotor RPM's and at
civilian and military trims. Trim refers to the angle of the aft rotor to
the foreward rotor., In addition to the ICAD takeoff operation, a second
takeoff flight series was included using the military trim. Alternative
approach operations were also included - one utilizing a three degree
approach angle, the other a six degree approach angle using military trim

- to compare with the six degree ICAOQ approach data.

The second part of the test program consisted of static operations
designed to asses helicopter directivity patterns and examine

ground-to-ground propagtion,

The information presented in Table 7.1 describes the Sikorsky 5-76 test
schedule by test series, each test seriles represeanting a group of similar
events. Rach noise event is identified by a letter prefix, corresponding
to the appropriate test serles, followed by a number which represents the
numerical sequence of event (i.e., Al, A2, A3, A4, B5, Bf,...etc.). In
some cases the actual order of test series may not follow alphabetically,
as a D1, D2, D3, D4, ES5, E6, E8, H9, H1O0, HIl,... etc.). In the case of
static operations the individual events are reported by the acoustical
emission angle referenced te each individual microphone lpcation (i.e.,
J120, J165, J210, J255, J300, J345, J030, J75). In Table 7.1, the test

target operational parameters for each series are specified along with
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approximate start and stop times, These times can be used to reference
corresponding meteorclogical data in Appendix G, Timing of fuel breaks
are also identified so that the reader can estimate changes in helicopter
welght with fuel burn—off. Actual operational parameters and position
information for specific events are specified In the appendices of this

document.,

Figures 7.1, 7.2 and 7.3 present the test flight configuration for the
takeoff, approach and level flyover operations. A schematic of the actual

flight tracks is available in Figure 3.3.
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TEST SERIES
AND RUN
NUMBERS

M
N(4)
N(B)
o

o= e B R e v o -

(= PR

TABLE 7.1
TEST SUMMARY

BOEING-VERTOL CH-47D

DESCRIPTION OF SERIES

HOVER-IN-GROUND-EFFECT
STATIC/FLIGHT-IDLE RFM
STATIC/GROUND-IDLE REM
HOVER-OUT-0F-GROUND-EFFECT

LFO, 500 ft.
LFO, 500 ft.
LFO, 500 ft.
LFO, 500 ft.
LFO, 500 ft

LFD, 1000 ft,
AFPFROACH (ICAO), 85 kts.

APPROACH (MILITARY), 7O lkts.

TAKEOFF (ICAQ), 85 kta.
TAKEOFF, 85 kts.

APPROACH, 100 kts.

TAKEOFF (MILITARY), 70 kts.
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REM

225
265
225
225

225
225
220
220
220

220
225
225

225
225
220
225

TRIM

234
234
234
234

234

234
234
234

234
234

234
234
234

START TIME

Br47
107
7o
7:50

FUEL

212
L |
41
+53
14

AL AD WD D

12522
12:41

FUEL

FINISH

00— —3

[V ¥ e Y o )

159
(4G
14
(04

e
138
a0
K

+35
D4

T:28

[ A S R

128
49
149
159

TIME

EGRE BEEEE

BEE

pm

pm
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DOCUMENTARY ANALYSES

B.0 Documentary Analyses/Processing of Trajectory and Meteorological

Data - This section contains analyses which were performed to document the

flight path trajectory and upper air meteorological characteristics during

the BV-234/CH~47D test program.

8.1 Photo-Altitude Flight Path Trajectory Analyses — Data acquired from

the three centerline photo-altitude sites were processed on an Apple Ile
microcomputer using a VISICALC® (manufacturer) electronic spread sheet
template developed by the authors for this specific application. The
scaled photo-altitudes for each event (from all three photo sites) were
entered as a single data set. The template operated on these data,
calculating the straight line slope in degrees for the helicopter positionm
between each pair of sites. 1In additiomn, a linear regression analysis was
performed in order to c¢reate a straight line approximation to the actual
flight path, This regression line was then used to compute estimated
altitudes and CPA's (Closest Point of Approach) referenced to each
microphone location (Note: Photo sites were offset from microphone sites
by 100 feet). The results of this analysis are contained in the tables of

Appendix F.

Discussion — While the photo-altitude data do provide a reasonable
description of the helicopter trajectory and provide the means to effect
distance corrections to a reference flight path (not implemented in this
report), there is the need to exercise caution in interpretation of the
data., The following excerpt makes an impertant point for those trying to
relate the descent profiles (in approach test series) to resulting

deoustical data,




In our experience, attempts by the pilot to fly down a very narrow
VAST beam produce a continucusly varying rate of descent. Thus while
the mean flight path is maintained within a reasonable degree of test
precision, the rate of descent (important parasmeter connected with
blade/vortex interactions) at any instant in time may vary much more
than during operational flying. (Ref. 8)

Further, care is necessary when using the regression slope and the
regression estimated altitude; one must be sure that the site-to-site
slopes are similiar (approximate constant angle) and that they are in
agreement with the regression slope., 1If these slopes are not in agree-
ment, then use photo altitude data along with the site-to-site slopes in

calculating altitude over microphone locations.

Also included for reference are the mean values and standard deviations
for the data collected at each site, for each series. These data display
the wariability in helicopter position within a given test series. The
difference in the degree of variation from one similar test series to the
next may provide an indication of changes in micro-meterological, (winds
and turbulence). The differences in the degree of variation from one type
of operation to the next type of op eration provides and indication of
inherent stability or lackof inherent stability associated with repetition

of a nominally identical operation
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8.2 Meteorological Data — This section documents the course variation in

upper air meteorological parameters as a function of time for the June 8

test program,

The National Weather Service office in Sterling, Virginia provided
preliminary data processing resulting in the data tables shown in Appendix
H. Supplementary analyses were then under taken to develop time histories
of various parameters over the period of testing for selected altitudes.
Each time history was constructed using least square linear regression
techniques for the five available data points (one for each launch). The
plots attempt to represent the gross (macro} meteorological trends owver

the test period.

Temperature:; Figure 8.1 shows the temperature time history for July 13,
1983 at the 500, 1000 and 2000 foot levels. Data recieved from the
National Weather Service (NWS) ground station reveals that on July 12 a
temperature inversion existed from 6:00 to 9:00am. Static operations were
conducted on the BV 234 from 7:00 to 8:00am; level flyover operations were
conducted from 9:00am to 12:00pm, followed by takeoff and approaches

operations,
Acoustic theory states that during temperature inversions, refraction/re~-
flection of acoustical energy occurs, resulting in meteorlegically

influenced noise levels.

Relative Humidity: Figure 8.2 shows the time history of relative humidity

for July 12, 1983 at the 500, 1000 and 2000 foot levels, Data recieved

from the Wational Weather Service (Dulles) ground station fills in the
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picture of relative humidity as a function of time from the surface to the
2000 foot level. With this data it can be seen that surface R/H was 933
at 6:00am and fEinially decreased te 43% at 12:00pm in accordance with the

burn off of surface moisture due to solar heating,

Wind Data: Figures 8.3 and 8.4 show the time histories of head/tail and
cross wind components for July 12, 1983. From Figure 8.3 it is seen that
there existed a head wind of 14 knots at 6:00am, which decreased to sbout
7 knots at 11:00am, Static operations were conducted from 6:47am to
8:05am followed by level flyovers and then takeoff and approach opera-—
tions. In a similar manner Figure 8.4 shows a cross wind magnitude of 2
to 3 knots consistently from 6:00 to 11:00am. The reader should note that
whether a head/tail wind was experienced during a flight depends on the
direction of flight, and in a similar manner the same can be said for the

cross wind component.

57



‘UDT1I2JTPR
oTqausen sadfsp pz| suj ur sucrjzgado Jog
PUTMEE0JD 2PTS QUITJA B Ss3B0TpUT 40Td sTUg

aNIM SSOHD

‘UOTIZEATR oTlsuFew ssadep ppoE eyyg Ul

aNIMm TIVL/aVv3aH

SuoTjEJedo J0J puTMpesy B S83EOTpPUT j0Td STUJ

(*IH) AVA 40 IWIL
un_.ﬁ un_ﬂ un__E u_.u_m n_m_ﬂ E_F u_n_um_ Emn

oo¥

tl1llt.|l|l|llr||||.‘lll|...

.

=
i

=
I

=t
T

£
I

r 1 T T T T
ccﬂcnﬂnﬂnﬁnnﬁugnﬁn _u_m_.m_ _u

=R

¥ L4 Q00E =
TV L4 pOol =0
19¥ L4 DG ==«

{ - oeo HIO)
el Anr

HWIL SA JHEdS ANIM

=]
[T T rﬂ—v—r—u:-vﬂ-an-'-'—.—-—h—.-—r-l—m—.—.—r-—r-u F——t
=]

Bt

=]
ou

3]
—

=
n

L
o
L

(s33¥) aaads aNIm

'8 3HNOI4

(sIH) AVO 40 EWIL

% n_n“.—._. nnnmq j.__n.. ﬂ_”_qm Gﬁ_z_. nm_a. 0% oo¥

T T T T
Q0ET COTT O30T O0G  QUR 0DL 009 CO%

..r.||l._r.|r.|.e.l.|.l__r.fr.rr
g
TV Ld COOR = v
Ty Id ftol= o
1Y 14 06 =«
aNI0ET
( om—oor HIO )
21 ANl

ANIL SA JHHdS ONIM

(s1M) ggads ONIM

€8 34NDId

58




EXPLORATORY ANALYSES AND DISCUSSIONS

9,0 Exploratory Analyses and Discussion - This section is comprised of a

series of distinct and separate analyses of the data acquired during
Boeing Vertol 234/CH-47D noise measurement program. In each ‘analysis
section an introductory discussion is provided describing pre-processing
of data (beyond the basic reduction previously described), followed by
presentation of either a data table, graph(s), or reference to appropriate
appendices, Each section concludes with a discussion of salient results

and presentation of conclusions.

The following list identifies the analyses which are contained in this

section,

9,1 Variation in noise levels with airspeed for level flyover
operations

9,2 Static data analysis: source directivity and hard vs. soft
propagation characteristics

9.3 Comparison of noise data: 4—foot vs. ground microphones

9,4 puration effect analysis

9,5 Analysis of variability in noise levels for two sites
equidistant over similar propagation paths

9.6 Variation in noise levels with airspeed and rate of descent for
approach operations

9,7 Analysis of ground-to-ground acoustical propagation for a
nominally soft propagation path

9,8 Air-to-ground acoustical propagation analysis
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9.1 Variation in Noise levels for Level Flyover Operations - This section

analyzes the variation in noise levels for level flyover operations under

various conditions.

9.1.1 Variation in Noise Levels with Different Airspeeds — This section

analyzes the variation in noise levels for level flyover operations as a
function of airspeed. Data acquired from the centerline-center location
(site 1) magnetic recording system (see Appendix A) have been utilized in
this analysis. All data are "as measured", uncorrected for the minor

variations in altitude from event to event.

Discussion = It has been observed that as a helicopter increases its
airspeed, two acoustically related events take place. First, the noise
event duration is decreased as the helicopter passes more gquickly.
Second, the source acoustical emission characteristics change, These
changes reflect the aserodynamic effects which accompany an increase in
speed. At speeds higher than the speed for minimum power, the power
required (torque) increases with an increase in airspeed. These
influences lead to a noise intensity versus airspeed relationship
generally approximated by a parabolic curve. At first, noise levels
decrease with airspeed, reaching a minimum at the speed for minimum
power; then an upturn occurs as a consequence of increasing advancing
blade tip Mach number effects, which in turn generate impulsive

noise.

The noise versus airspeed plots for the BV 234/CH-47D are shown for
various acoustical metrics inm Figures 9.1 through 9.4, for the test series
conducted with BV 234 trim and an RPM of 220. These plots are consistent

with the expected parabolic nature of the noise versus airspeed
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relationship described above, although displaying only the minimal
increasing portion of the curve, Each plotted point represents & Cest
series average noise level and the corresponding target indicated

airspeed.

For other helicopters, it has been observed that noise increases most
rapidly when the Mach number advances beyond a value of about 0.80. Table
9.1 shows the relationship between indicated airspeed and advancing blade
tip Mach number for the BV 234/CH-47D at the two operational rotor speeds.
Because this helicopter has a tandem main rotor system, one rotor rotating
clockwise while the other rotates counterclockwise, there is an advancing
(and a retreating) blade on either side of the helicopter at all times,
This circumstance would tend te minimize left-side, right-side
differential noise directivity associated with the advancing blade

(usually observed for single main rotor helicopters).

TABLE 9.1
IAS (KTS) Mo (220 RPM) Ma (225 RPM)
100 .76 ST
110 77 .79
120 .79 .80
130 . 80 .82
140 .82 .83
150 .83 .85

9.1.2 Variation in Noise Level (for a Constant Airspeed) with Variation

in Trim and Rotor Speed - This section provides a glimpse at the variation

in noise level with change in trim and rotor speed for a nominally

constant target airspeed. While a more extensive matrix of test




conditions would be required to establish generalized noise level/trim and
noise level/RPM relationships, the results shown below in Table 9.2 do

provide a starting point.

TABLE 9.2
SITE #1
TEST SERIES TAS RPM TRIM AVG SEL AVG DEA
A LFO (ICAO) 135 225 234 87.1 79.2
B Military LFO 135 225 CH-&47D B9.2 82.0
G LFO 135 220 234 88.2 80.8

The test series done with 225 RPM and 234 trim (Series A) displays lower

levels than the corresponding series with CH-47D trim. These results are
as expected, since the 234 trim is the Fly Neighborly configuration. What
is surprising, however, is the lower levels for series A compared with the

lower RPM series C.
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9.2 Static Operations: Analysis of Source Directivity and Hard vs. Soft

Path Propagation Characteristics - This analysis is comprised of two

principal components. First, the plots shown in Figures 9.5 through 9.8
depict the time averaged directivity patterns for various static
operations for measurement sites located equidistant from the hover point.
The second component involves the fact that one of the two sites lies
separated from the hover peint by a hard concrete surface, while the other
site is separated from the hover point by a soft grassy surface. The
difference in the propagation of sound over the two disparate surfaces is
reflected in the difference between the upper and lower curves in each
plot. Figure 9.9 depicts the microphone positions and hard and soft paths

in relation to the helicopter movement.

Time averaped (approximately 60 seconds) data are shown for acoustical
emission directivity angles (see Figure 6.3) established every 45 degrees
from the nose of tha helicopter (zero degrees), in a clockwise fashion.
Magnetic recording data plotted in these figures can be found in Appendix

C for microphones 5H and 2.

Discussion — The follewing paragraphs highlight salient features observed

in the static test data.

HIGE - Figure 9.5 shows the noise emission pattern for the BV 234/CH-47D
in the hover—in-ground effect (HIGE) configuration (approximately feet
above the ground). This figure shows dramatically an assymetrical
radiation pattern in which we see the maximum noise occurring at the 45°
emission angle, while the minimum noise is directed from the 270" emission

angle. This asymetrical pattern may be associated with forward/aft
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rotor vortex interaction. The maximum difference in noise levels due to

surface characteristics is observed at the 270° emission angle to be 6

dB.A final point of interest in the HIGE plot is the generally small

difference observed between the hard and soft propagation paths.

HOGE - Figure 9.6 shows the noise emission pattern for the BV 234 /CH=4TD

in the hover—out-of-ground effect (HOGE) configuration (approximately

feet off the ground). As seen from the figure, the BV 234/CH-47D displays

a noise emission pattern which appears to be dominant in the right

fore-quadrant corresponding to an acoustic emission angle of 45°, The

discontinuity in the top curve at the 270° emission angle is associated

with an instrumentation problem,

The maximum difference in noise levels

between the hard and soft paths is seen to occur at the 180" emission

angle, and is about & dB, clearly demonstrating the potential reduction in

noise levels associated with soft surface characteristics,
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Ground Idle - Figure 9.7 shows the acoustic emission pattern for the BV

234/CH-47D in the ground idle (GI) configuration.

left side of the helicopter is seen to be noisier than the right,

In this figure, the

This

result is most likely associated with changes in the acoustical spectrum

which occur with the lower rotor RPM utilized in this configuration.

maximum noise level is seen to occur at the 225° emission angle.

The

The

maximum difference noise levels due to surface characteristics is about 8

dB occurring to either side of the tail, at the 135° and 225° emission

angles,

Flight Idle - Figure 9.8 shows the acoustic emission pattern for the BV

234/CH-47D in the flight idle (FI) configuration.

This figure shows a

nearly omni-directional radiation pattern as observed for rthe soft site.

In the hard path scenario, one observes a maximum occurring on either side

of the taill in an almost symmetrical manner.

The maximm difference in

noise levels between hard and soft paths is 6 to 8 dB, occurring at the

135° emission angle,
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Environmental Impact — Table 9.3, shown below, presents observations

concerning noise impact and acceptability and are based on consideration

of typical urban/community ambient noise levels and the levels of urban

transportation noise sources. Interpretations assume that event durations

reflect static operational scenarios (usually 1 minute. to 15 minutes). In

general, the interpretation of environmental impact requires careful

consideration of the ambient sound levels in the vicinity of the specific

heliport under consideration. A useful document for further

interpretation is Reference 9.

60
Hid
70
Mid
80
Mid
30

60"s
70%s

dB
80°s

Table 9.3
A-Weighted Noise Level Ranges

~ Urban ambient noise lewvel

— Urban amblent noise level

- DHNoise level of minor concern

- Hoderately intrusive noise level

= C(Clearly intrusive noise level

- Potential Problems due to noise

- Noise lavel to be avoided for any length of time.
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§,3 Comparison of Measured Sound Levels: & Foot vs. Ground Microphones -

This analysis addresses the comparability of noise levels measured at
ground level and at 4 feet above the ground. The topic is discussed in
the context of noise certification testing requirements. The analysis
involves examination of differences between noise levels acquired for
ground mounted and 4-ft mounted microphone systems. The objectives of
this analysis are: 1) observe the value and variability of ground/4-ft
microphone differences and identify the degree of phase coherence and 2)

examine the variationm with operational configuration.

The data employed in this analysis are from the microphone site #1
magnetic recording system (Appendix A). The mean differences between the
ground and four foot microphones are shown in Table 9.4 for twelve

different test series.

In conducting this analysis, our inmitial assumption was that cthe
ground-mounted microphone experiences phase coherent pressure doubling (a
reasonable assumption at the frequencies of interest). At the 4-foot
microphone, one would expect to see a lower value, somewhere within the
range of 0 to 3 dB, depending on the degree of random verses coherent
phase between incident and reflected sound waves. 1t is also possible to
experience phase cancellation between the two sound paths. If
cancellation occurs at dominant frequencies, then one is likely to ohserve
noise levels at the 4—foot microphone more than 3 dB below the ground
microphone values. In fact, significant cancellation is observed with
instances of 5.2 dB (weiphted metric) lower levels at the L—foot

microphone. Figure 9,10 provides a schematic of the various 'difference

&9




regions" associated with different relationships between incident and

reflected sound waves.

Discussion - It is argued that acquisition of data from ground-mounted
microphones provides a cleaner spectrum, closer to the spectrum actually
emitted by the helicopter—-that is, not influened by a mixture of
constructive and destructive ground reflections. Theoretically, one would
be interested in correcting ground-based data to levels expected at 4 feet
or vice versa in order to maintain equally stringent regulatory policy.

In other words, to change a certification limit at a 4-ft mierophone to
£it a ground-based microphone test, one theoretically would have to
increase the limit by an amount necessary to maintain equal scrringency.
Examination of the results in Table 9.4 show that most differences do fall
between 3 and 5 dB. These results are consistent with theory and suggest
that a degree of cancellation typiclly accompanies the 3 dB difference one

would expect for random versus coherent phase relationships.

The wariability in test results between operations modes displays no clear
paccern. The vardation in difference in values can be considered to
reflect differences in the "acoustical angle" or the angle of incidence at
the time of the maximum noise. These geometrical factors are also joined
by differences in spectral content in influencing resulting sound level

values.
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9.4 Analysis of Duration Effects — This section consists of three parts,

each developing relationships and insights useful in adjusting from one
dcoustical metric to another (typically from a maximum level to an energy
dose). Each section quantitatively addresses the influence of the event

duration.

9.4.1 Relationships Between SEL, AL and T-10 — This analysis explores the

relationship between the helicopter noise event (intensity) time-=history,
the maximum intensity, and the total acoustical energy of the event. Our
interests in this endeavor inelude the following:

1} It is often necessary to estimate an acoustical metrie given only
part of the information required.

2) The time history duration is related to the ground spead and
altitude of a helicopter. Thus any data adjustments for different alti-
tudes and speeds will affect duration time and consequently the SEL
(energy metric). The requirement to adjust data for these effects often
arises in environmental impact analyses around heliports. In addition,
the need to implement data corrections in helicopter noise certification

tests further warrants the study of duration effects.
Two different approaches have been utilized in analyzing the effect of
event l0-dB-down duration (DURATION or TlD} on the accumulated energy

dose (Sound Exposure Level).

Both techniques are empirical, each employing the same input data but

using a different theoretical approach to describe duration influences.
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The fundamental question one may ask is "If we know the maximum A-weighted
sound level and we know the 10-dB-down duration time, can we with
confidence estimate the acoustical energy dose, the Sound Exposure Level?"
A rephrasing of this question might be: 1If we know the SEL, the AL, and
the 10-dB-down duration time (DURATION), can we construct a universal

relationship linking all three?

Both attempts to establish relationships involve taking the difference
between the SEL and AL (delta), placing the delta on the left side of the
equation and solving as a function of duration, The form which this

function takes represents the differences in approach.

In the first case, one assumes that delta equals some constant K(DUR)
multiplied by the base 10 logarithm of DURATION, i.e.,

SEL - AL = K(DUR) x LOG(DURATION)
In the second case, we retain the 10 x LOG dependency, consistent with
theory, while achieving the equality through the shape factor, Q, which is
some value less than unity i.e., SEL-AL = 10 x LOG(Q x DURATION). 1In a
situation where the flyover noise event time history was represented by a
step function or square wave shape, we wcuid expect to see a value of
equaling precisely one. However, we know that the time history for
typical non-impulsive events is much closer in shape to an isosceles

triangle and consequently likely to have a Q much cleser to 0.5.

Another possible use of this analytical approach for the assessment of
duration effects is in correcting noise certification test data which were

acquired under conditions of nonstandard ground speed and/or distance.
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Discussion — Each of the noise template data tables lists both of the
duration related figures of merit for each individual event (see Appendix
B). One immediate observation is the apparent insensitivity of the
metrics to changes in operation, and the extremely small variation in the
range of metric values, nearly a constant = 0.5 and a stable K(A) value
of approximately 7.0. Data have been plotted in Figure 9.11 which show
the minor variation of both metrics with airspeed for level flyover
operations recorded at microphone site 1| direct read system. The lack of
variation in the parameters, suggests that a simple and nearly constant
dependency exists between SEL, AL, and log DURATION, relatively unaffected
by changes in airspeed, in turn suggesting a consistent time history shape
for the range of airspeeds evaluated in this test. As SEL increases with
airspeed, the increase appears to be related to increase in Aly but
mitigated in part by reduced duration time (and a nearly constant

E(A)=7),
FIGURE 9.11
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It is interesting to note that similar results were found for other
helicopters (Ref. 10, 11, 12, 13, 14, 15), suggesting that different
helicopter models will have similar walues for K and )+ This implies that
it would not be necessary to develop unique constants for different
helicopter models for use in implementing duration corrections.
Notwithstanding, caution is raised teo avold drawing any firm conclusions.
The possibility exists that this particular analytical technique lacks the

sensitivity necessary to detect distance and speed functionality.

9.4.2 Estimation of 10 dB Down Duration Time - In some cases, one does not

have access to 10 dB down duration time (DURATION) information. A
moderate to highly reliable rechnique for estimating DURATION for the BV

234 /CH-4T7D is developed empirieally in this section.

The distance from the helicopter to the observer at the closest polnt of
approach (expressed in feet) divided by the airspeed (expressed in knots)
yields a ratio, hereafter referred to as (D/V). This ratio has been
compiled for various test series for microphone sites 1, 2 and 3 and has
been presented in Table 9.5 along with the average DURATION expressed in
seconds. A linear regression was performed on each data set in Table 9.5
and those results are also displayed in Table 9.5. Here one observes
generally high correlation coefficients, in the range of 0.67 to 0.94.

The regression eguations relating DURATION with D/V are given as

Centerline center, Microphone 5ite 1
Ti0 = [1.75 x (/)] + 4.0

Sideline South, Microphone Site Z:
T10 = [1.84 x (D/V) ] + 4.0

Sideline North, Microphone Site 3:
Ti0 = [0.95 x (D/V)] + 7.7

Because the regression analyses were conducted for a population consisting

of all test series using trim and 220 RPM (which involved the operations
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TABLE 9.5

HELICOPTER: BOEING-VERTOL CH-47D DURATION (T-10) RESRESSION ON DAV
SITE |
COCKPIT
PHETE LINEAR
TEST DATA  AVG ANE REGREZSIEN
SERIES W AVG DURCA) ESTALT DA
C 135 1.1 50%.7 3.8 SLOPE 1.75
b 12135 1.5 487.2 4 INTERCEFT 4.0!
E 103.4 14,7 §7.3 4.9 R 5€. o7
FI1M4.25 16,1 30.4 8.7 R B2
K 9835 10.7 4567 5 SAMPLE ]
SITE 2
c 133 12,7 7083 a2 SLOPE 1.84
D 121,25 15.2 4525 3.7 INTERCEFT 4
E 1034 174 7023 6.8 R 0. .88
F 134,25 1 10527 7.8 R 74
K 70.3 17.2 #7113 7.4 SAMPLE ]
SITE 3
C 135 122 0.5 5.3 SLOPE 96
B 12,2 13.4 4725 3.7 INTERCEFT 747
E 1034 15 707 6.8 R 5@, 244
F o 1M.2 15 1052.3 7.8 R &7
K #0.5 13.6 427 7.4 SAMPLE 5

T&




in both directions-—test series C, D, E, F and K), it is not possible to

comment on left-right side acoustical directivity of the helicopter.

Synthesis of Results — It is now possible to merge the results of Sectiom

9.4.1 with the finding above in establishing a relationship between (D/V)
and 5EL and AL. Given the approximalion

SEL = AL + (10 x LOG(0.50 x DURATION))
It is possible to insert the computer value for T10 (DURATION) into the

equation and arrive at the desired relationship.

9.4.3 Relationship Between SEL Minus AL and the Ratio D/V - The

difference between SEL and ALy or conversely, EPNL and PNLTy (in a
certification context) is referred to as the DURATION CORBECTION. This
difference is clearly controlled by the event T10 (10 dB down duration
time) and the acoustical energy contained within those bounds. As
discussed in previous sections, the 110 is highly correlated with the
ratio D/V. This analysis establishes a direct link between D/V and the
DURATION CORRECTION in a manner similar to that employed in Section 9.4.2.
Table 9.6 provides a summary of data used in regression analyses for
microphones 1, 2 and 3 along with the slope, intercept, correlation

coefficient and other statistical information.

One observes a very strong correlation at one sideline site (R=0.89) and a
virtually nonexistent value (R=0.18) at the other site, Meanwhile the
centerline site also displays a low correlation coefficient, R-0.56. As
mentioned in Sectiom 9.4.2, it is difficult to comment explicitly on
source directivity because operations were conducted in both directions.

Regardless, onme can see that centerline/sideline differences do exist.

The reader is cautionmed not to expect these relatinships to necessarily
hold for D/V ratios beyond the range explored in these analyses.
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TABLE 9.6

HELICOPTER: BOEING-VERTOL CH-470 SEL-ALn REGRESSION DN DAV
SITE |
COCKPIT
PHOTO LINEAR
TEST  DATA AVG  AUG REGRESSION
SERIES V AV6 SEL-ALm EST ALT AV
¢ i 74 W 38 5LOPE 43
D 12125 7.6 4872 4 INTERCEPT 5,58
E 1036 8.4 $7.3 49 R S0, 32
Fo134.25 8.8 93048 49 R .54
K95 44 4567 5 SAPLE 5
SITE 2
& A% e ans. 5 SLOPE 49
D 3.5 87 @Ls 57 INTERCEPT  5.48
E 1036 9.3 W3 48 R S0, 8
F o135 9.3 10827 7.8 R &
K [ises 2 O 4 SAPLE 5
SITE 3
R T - R [ T sLOPE 07
D 120,25 8.2 25 57 INTERCEPT  7.46
E 1034 87 707 48 R S0, 03
F 13425 8.0 10523 7.8 R 18
K 0.5 7.8 7 74 SAMPLE 5
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9.5 Analysis of Variability in Noise Levels for Two Sites Over Similiar

Propagation Paths - This analysis examines the differences in noise levels

observed for two sites each located 500 feet away from the hover point
over similar terrain. The cobjective of the analysis was to examine
variability in noise levels associated with ground-to-ground propagation
over nominally similar propagation paths. The key word in the last
sentence was nominally,...in fact the only difference in the propagation
paths is that microphone 1H was located in a slight depression, (elevation
ig minus 2.5 feet relative to the hover point), while site 2 has an
elevation of plus 0.2 feet relative to the hover point. This is a net
difference of 2.7 feet over a distance of 500 feet. This configuration
serves to demonstrate the sensitivity of ground-to-ground sound

propagation over minor terrain variations.

Discussion — The results presented in Tables 9.7, 9.8, 9.9 and 9.10 show
the observed differences in time averaged noise levels for each of four
static operations. 1In each table, data are shown for eight directivity
angles and the spacial average. In each case, magnetic recording data
(Appendix C) have been used in the analyses. It is observed that only
minor differences in noise level occur during all operational scenarics (1
to 1.5 dB) with the exception of ground idle, where differences of 2 to &

dB are observed.

The most rematkable aspect of these results is the small difference in
noise levels for 3 out of 4 static operations. In every other report in
this series (six other helicopters), very large differences have been
observed (4 to 10 dB). The results for ground idle for the BV 234/CH-47D

actually reflect the type of differences previously seen. It is worth
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noting here that the reduced rotor RPM associated with ground idle

operations allows more engine noise (higher frequency sound) to dominate

resulting A-weighted spectra.

First, let us consider why such relatively small differences are observed
here. The BV 234/CH-47D rear tandem rotor lies in a plane approximately
18 feet off the ground, thus establishing a higher angle of incidence for
projected acoustical energy. Other helicopters in this test program have
rotors 7 to 9 feet off the ground. Additional reasons for the good
agreement could include the dominant influence of low frequency energy and

the lesser sensitivity to meteorological effects,

Reasons for differences in sound levels are somewhat easier to propose.
It ie speculated that very minor variations in site elevation (and
resulting microphone placement) lead to site-to-site differences in the
measured noise levels for static operations. Differences in microphome
height result in different positions within the interference pattern of
incident and reflected sound waves. It is also appropriate to consider
whether variation in the acoustical source characteristics with time may
contribute to noise level differences. In this analysis, magnetic
recording data from microphone site 2 are compared with data recorded at
site 1H approximately one minute later. That is, the helicopter rotated
45 degrees every sixty seconds, in order to project each directivity angle
(there is a 45 degree separation between the two sites). In additiom to
source variation, it is also possible that the helicopter heading, based
on magnetic compass readings may have been slightly differedt in each
case, resulting in the projection of different intensities and accounting
for the observed differences. A final item of consideration is the
possibility of refraction of sound waves (due to thermal or wind

gradients) resulting in shadow regions.
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TAELE 9.9

COMPARISIN OF
HOISE VERSUS DIRECTIVITY ANGLES
FOR
TWO SOFT SURFACES
HELICOPTER: BOEING-VERTOL CH-470

OPERATION:  FLIGHT IDLE

DIRECTIVITY ANGLES {DEGREES) Lav{340 DEGREE)

SITE 0 43 7l 135 180 223 270 315 ENERGY ARITH,

LED LEE LER LED LES LED LED LER LED LEQ

SOFT 1N 4B.5 72.3 70,5 47.8 4d.7 48,2 &é 7.7 474 o7
SOFT 2 69.4 69.3 67,4 0.4 0.3 2.3 46.8 1.1 70.3 70.2
DELTA dB B 3 8 .8 3.4 4.1 2.8 1.2 .7 b2
TABLE 9.10
COMPARISON OF
NOISE VERSUS DIRECTIVITY AMGLES
FOR

TWd SOFT SURFACES
HELICOPTER: BOEING-VERTOL CH-47D

OPERATION: GROUND IDLE

DIRECTIVITY AMGLES (DEGREES) Lavt340 DEGREE)

EITE 1 43 | 135 180 225 27 315 ENERBY  ARITH,

LED LE@ LED LED LED LED LED LE@ LER LED

SOFT 1R d2.8 43.2 94.3 i a9.1 63.2 1.8 0.2 61.2 80.7
SOFT 2 4d.9 4.3 98,9 61 62.8 45,9 63.2 g4.1 &4 83.4
DELTA dB 4.1 1.3 2.4 2 3.7 2.7 1.4 3.9 2.8 2.7

g2
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TABLE '9.11

BY 234/CH-47D APPROACH DATA

TEST DESCRIPTION BITE 5 BITE- 1 SITE 4

SERIES RPM TAS TRIM APP ANG SEL DBA SEL DBA SEL  DBA
H 225 85 234 it 98.6 91.9 97.9 90.9 95.8 £9.0
I 225 70 CH-47D il 09,8 93.1 103 96.2 97.7 89.8
K 220 100 234 il 08,3 92,4 101.5 95.3.95.9 89.2

In the context of the "Fly Neighborly" program, it is worth acknowledging
the potential tradeoff (and classic problem) of diminishing noise levels
at one location while increasimg or not affecting noise levels at another.
4 recent study conducted in France (ref. 16) included a matrix of 24
microphones. While cost and logistical constraints make this unrealistic
for evaluation of each civil transport helicopter, one would be prudent te
gvaluate several centerline and sideline microphone locations in any

in-depth "Fly Neighborly" flipght test.

Two final points of concern in developing "Fly Neighborly" procedures are
safety and passenger comfort. Rates of descent, alrspeed, initial apprach
altitude and "engine—out" performance are all factors requiring careful
consideration in establishing a noise abatement approach. Finally, while
certain operational modes may significantly reduce noise levels, there may
be an unacceptable acceleration/deceleration or rate of descent imposed on
passengers. This matter 1s clearly an important concern in commercial air

shuttle operatlons.
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For these operational modes, the general relationship AdB = 21 log
(dl1/d2) provides a working approximation for calculating ground-to-ground
diminution of A-weighted sound levels over nominally soft paths out to a
distance of 1000 feet, 1In the case of the low angle (wheels on the
ground) propagation scenarios where rotor noise is diminished and turbine
engine noise is more dominant, one observes very high rates of attenuationm

undoubtedly associated with absorption of high frequency energy.

9.7.2 Hard Path Propagation - This part of the analyses involves the

empirical derivation of constants for sound propagation over a "hard"
propagation path, a concrete, composite taxi-way surface. The analytical
methods described above (Section 2.7.1) are applicable using data from
sites 5H and 7H, respectively 492 and 717 feet from the hover site. The
data used in this analyses (derived from Appendix D) are shown in Table
9,14 and the results are summarized in Table 9.15. The salient feature of
this scenarioc is the presence of a ground surface which is highly

reflective and uniferm in composition.




9.7 Analysis of Ground—to-Ground Acoustical Propagation

9.7.1 BSoft Propagation Path - This analysis involves the empirical

derivation of propagation constants for a nominally level, "soft" path, a
ground surface composed of mixed grasses. As discussed in previous
analyses, there are several physical phenomena that influence the
diminution of sound over distance. Among these phenomena, spreading loss,
ground-to-ground attenuation and refraction are considered dominant in

controlling the observed propagation constants.

A-weighted Leq data for the four static operational modes— HIGE, HOGE,
Flight Idle, and Ground Idle- have been analyzed in each case for eight
different directivity angles. Direct read acoustical data from sites 2
and 4H have been used to calculate the propagation constants (K) as

follows:

K = (Leq(site 2) — Leq(site &))/Log (2/1)
where the Log (2/1) factor represents the doubling of distance dependency

(8ite 2 is 492 feet and site 4H is 984 feet from the hover point).

For each mode of operation, the average (over various directivity angles)
propagation constant has also been computed., The data used in this
analysis (derived from Appendixz C) are displayed in Table 9,12 and the

results are summarized in Table 9.13.

Discussion = The results shown in Table 9.13 exhibit extreme variation
from one operational mode to the next. The higher angle operations HIGE
and HOGE display propagation constants one would expect for a low—frequen-

cy-dominated spherical spreading (air to ground propagation} scenario.
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TABLE 9.11

BV 234/CH-47D APPROACH DATA

TEST DESCRIPTION SITE 3 SITE 1 SITE 4

SERIES RPM IAS TRIM APP ANG SEL DBA SEL DBA SEL DBA
H 225 B5 234 & 98.6 91.9 97.9 90.9 96.8 89.0
I 225 70 CH-47D 6" 99.8 93.1 103 96.2 97.7 B89.8
K 220 100 234 3 98.3 92.4 101.5 95.3 95.9 89,2

In the context of the "Fly Neighborly" program, it is worth acknowledging
the potential tradeoff (and classic problem) of diminishing noise levels
at one location while increasing or not affecting noise levels at another.
A recent study conducted in France (ref. 16) included a matriz of 24
microphones. While cost and logistical constraints make this untealistic
for evaluation of each civil transport helicopter, one would be prudent to
evaluate several centerline and sideline microphone locations in any

in-depth "Fly Neighborly" flight test.

Two final points of concern in developing "Fly Neighborly" procedures are
safety and passenger comfort. Rates of descent, airspeed, initial apprach
altitude and "engine-out" performance are all factors requiring careful
consideration in establishing a nolse abatement approach. Finally, while
certain operational modes may significantly reduce noise lavels, there may
be an unacceptable acceleration/deceleration or rate of descent imposed an
passengers. This matter is clearly an important concern in commercial air

shuttle operations.
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BOEING-VERTOL CH-470

7-12-83
SITE 4H
H1GE

H-30
H-43
H-1
H-313
H-270
M-225
H-181
H-135

SITE 2
HIGE

H-50
H-45
-0
H-315
H-270
M-225
H-180
H-135

75,90
74.50
42.00
6920
74,50
77.30
68,50
73.30

74,40
77.30
&7.20
77.40
77.70
B0.80
74.90
84.80

TABLE 9.712

DATA UTILIZED IN COMPUTING EMPIRICAL
FROPABSTION COMSTANTS (K)
FOR SOFT SITES

dH & 2

FLT.1DLE GRM.IOLE
H-71A 58.80 N-F0B
N-434 33,90 H-438
N-0A J6.00 N-0E
N-3154 36,30 N-3158
H-270A 3d .40 N-2708
N-223 54,80 N-2258
N-180A 37.20 N-1B08
N-13% 33,30 N-1338
FLT.IDLE 6D . TOLE
N-904 70.80 N-90B
N-454 72,80 N-43B
N-0A 49,50 N-0B
N-3154 73.40 h-3138
N-270A 1.0 H-270B
N-22%4 70.80 N-2258
N-1804 70.30 N-1B0B
H-1354 70.20 N-1358

B8

31.00
47.70
48.10
52.00
45.40
4%.30
45.40
48.30

4,40
&3.40
&4, &l
6. 40
44.10
&1.20
38.70
44.20

HOGE

0-91
0-43

0-313
0270
0-223
0-180
0-135

HOBE

0-0
0-43
0-0
0-315
0-270
0-225
0-180
0-133

73.20
73.50
74.70
78.00
76.00
77.00
79.00
78.70

80.20
B2.30
82.80
84.20
82.70
Bd.20
Be.10
gé.40




TABLE 9.13

EMPIRICAL PROPOGATION CONSTANTS (K)
FOR. SOFT SITES (4142)

EMISSIN W FTLOE  BDOE  HOGE

” 23 00 P R )
45 3.33 a0 59.67 EH

0 1.3 wan ma
] 28.00 57,00 8.6 2.4
Y, 10.47 48.33 .00 2.5
= Hal 8.8 3.47 24.00

180 18,00 44,33 A0 .
i et .00 59.00 5.6

e ] O

NERGE 1547 9.3 wa s
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TABLE 9.14

DATA UTILTZED IN COMPUTING EMPIRICAL
FROPAGATION CONSTANTS (K)
FOR HARD SITES

7H & S3H
BOEING-VERTOL CH-47D
7-i2-83
SITE 7H
HIGE FLT.IDLE GRN. IDLE HOGE
H-30 72.49 K-704 72.83 N-?iB 62.38 0-%0 84.B2
H-45 B3.64 N-45 71.07 N-43B &4.18 0-45 B8.43
H-0 79,52 N-04 47.28 N-DB a9.11 0-0 B2.74
M-315 12.17 N-31%4 49.00 N-3158 43.93 0-313 83.04
H-270 71.48 N-2704 70.72 N-2708 46.02 0-270 B2.23
M-225 7374 N-2254 72.02 N-2238 43.87 0-223 80,92
H-180 72,68 N-1804 b 48 N-1803 61,21 0-180 B3.95
H-135 79.49 N-135A 74,60 N-1338 42.27 0-133 B3.E0
SITE SH
HIGE FLT.IDLE GND. IDLE HOGE
N-70 i) N-704 7630 K-708 48.10 0-%0 B9.10
M-45 83,110 H-434 75.50 h-458 49.40 0-43 71.00
N-0 78.00 N-04 78,40 N-0B 63,40 0-0 B4.60
M-313 77.710 N-3154 4.3 N-3138 49.70 0-315 87.40
N-270 75.10 N-2704 75.00 N-270E 70.50 0-270 Bé.30
M-225 79.80 N-2204 77.10 N-2258 74.10 0-223 B3.%0
H-180 74,40 N-1804 72.00 N-1808 47.20 0-180 Ba.80
H-135 B0.20 N-1354 78.30 N-133E 49.50 0-135 50,40
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TABLE 9.15

BOEING-VERTOL

EMPIRICAL PROPDGATION CIMSTANTS (K)
FOR HARD SITES (7H & SH)

EMIS510N HIGE FLT.IDLE BHD. 1DLE HOBE
ANGLE K K K K
#0 21,36 3.73 14.25
43 9.13 27.6% 33.88 14.04
0 13,30 38.25 40.54 12.75
35 34.54 33.13 23.56 22.13
270 22.43 26,75 30.30 23.31
225 25.23 3175 91.44 .13
180 23.25 33.25 37.44 an.31
135 28.19 23.13 47.4% 30.00
AERAGE .44 3t 7.4 nas
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9.8 Air-to-Ground Acoustical Propagatlon Analyeis - The approach and

takeoff operations provided the opportunity to assess empirically the
influences of spherical spreading and atmospheriec absorption. Through
utilization of both noise and position data at each of the three flight
track centerline locations {(microphones 5, 1, and 4), it was possible to

determine air-to-ground propagation constants.

One would expect the propagation constants to reflect the aggregate
influences of spherical spreading and atmospheric absorptiom. It is
assumed that the acoustical source characteristics remain constant as the
helicopter passes over the measurement array. In past studies (Ref. 10 -
15), it has been observed that this assumption is reasonably wvalid for
takeoff and level flyover operations. In the case of approach, however,
significant variation has been evident. Because of the spacial/temporal
variability in approach sound radiation along the (1000 feet) segment of
interest, approach data have not been utilized in estimating propagation
constants. As a final background note relating te the assumption of
source stability, a helicopter would require approximately 10 seconds,
travelling at 60 knots, to travel the distance between measurement sites 4

and 5.

In both the case of the single event intensity metric, AL, and the single
event energy metric, SEL, the difference between SEL and AL is determined
for each pair of centerline sites. The delta in each case is then equated
with the base ten logarithm of the respective altitude ratic multiplied by
the propagation constant (either KA(AL) or KA(SEL)), the values to be

determined.
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Data have also been analyzed from the 500 and 1000 foot level flyover
operations and the KP(AL) has been computed. In this case, data were

pooled for all centerline sites (5, 1, and 4) in the process of arriving

at the propagation constant.

The takeoff analyses are shown in Table 9,16, 9.17 and 9.18 and are

summarized in Table 9.19. Results of the level flyover calculations are
presented in Table 9.21. The level flyover and takeoff analyses are also
accompanied by a tabulation of results from five previous reports (Tables

9,20 and 9.22).,

Discussion - In the case of takeoff data (Table 9,19) one observes a
propagation constant of about 22.3, a value in good agreement with
previous results shown in Table 9.20. This value suggests that either
little absorption takes place over the propagation path or that the source
frequency content is dominated by low frequency components, (relatively

unaffected by absorptionl.

In the case of level flyover data (Table 9.21), one cbserves a value of
less than 20. This propagation constant is similar to values observed for
the Aerospatiale TwinStar and AStar, but significantly less than values

seen for the Bell 222 and the Sikorsky S-76A.

Table 9.23 provides a brief examination of propagation constants for the
EPNL acoustical metric, used in noise certification. Calculations show a
constant of approximately 19. This propagation constant is very close to
the mean value observed for helicopters analyzed in other reports (refs.
10 - 15) and summarized in Table 9.24. It is interesting to note that the
theoretical value for the EPNL propagation constant is 10. The reader may
consider computing propagation constants for other acoustical metrics as

the need arises.




TABLE 9.16

HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE:

OPERATION:

EVENT NO.

630
631
632
633
B34

63

AVERAGE
5TD. DEV

0% C.1.

7-13-83 TEST DATE:

ICAD TAKEDFF OPERATION:
TARGET 1AS=835 KT5

HIC. 5-4
KP(AL) KPCSEL) EVENT KO,
17.5 15.3 J47
20.4 15.7 149
19.¢ 14 J4i1
20.4 13.5
2.4 18.% AVERAGE
19.9 14.1
§T0. DEV
0.2 15.3
A C.L.
1.5% 1.29
1.31 1.0¢
TABLE 2.19

Summary of Propagation Constants

for Three Takeoff Operations

Propagation
Operation Constant (K)
ICAD Takeoff 20.2
Takeoff 20
Military Takeoff 26.0

Averape 22,127

HELICOPTER: BOEING-VERTOL CH-470

7-13-83

TAREOFF

TARGET 1A5=B5 KTS
MIC. 5-4

KP(AL) KP(SEL)

2 g
2.43 .44

1.09  15.91

TABLE 9,18

HELICOPTER: BOEING-VERTOL CH-47D

TEST DATE:

OPERATION:

EVENT NO,
L53

L34

L35
AVERAGE
STD. DEV

0% C.1.

TABLE G.20

7-13-83

MILITARY TAKEOFF
TARGET 1AS=70 KTS

HIE. 5-4
KP{AL) KP(SEL)
29 15.8
23.1 13.4
27.4 15.4
28,4 14,%
3.10 1.35
3.23 2.28

Summary for Takeoff Operation—--AL Metric

Helicopter

Bell 222
Dauphin
Hughes
TwinStar
AStar
5-76

CH=-4T7D

G

Propagation
Constant (K)

NA
20.67
21.15
2h.4
21.9
15,5

22.27

Average 20.98



TABLE §.21

BOEING-VERTOL CH-4

70

LEVEL FLYOVER PROPABATION--AL

AL
OPERATION HIC 5 HIC 1 HIC 4 WETGHTED
AJERABE

N 4 4 4

S00° (0.Wh)  MNB A= 79.7 80.8 80 80.17
§TD DEV= 1 8 .8
N 4 4 4

10007 (0.0h)  AUG AL=  74.6 74.4 73.8 74,27
STD DEV= 1.1 7 4

K= AdB / LOB(F34.37 / 531.63) Ad= 5.9

K= 5.90 /.2447094

K

u

24,09

TABLE §.22

SUMMARY FOR LEVEL FLYOVER OPERATION

AL METRIE

HEL1COPTER PROPAGATION CONSTANT (K)
BELL 222 21.08
AERDSPATIALE

DAUPHIN 2 21.40
HUEHES 5000 20.81
AERDSPATIALE

TWINSTAR 20.19
AERDSPATIALE

ASTAR 18.77
SIKORSKY S-7¢éA 25,36
BOEING-VERTOL 24.09

CH-470

AVERAGE = 21.47
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TABLE 9.23

BOEING-VERTOL CH-470

LEVEL FLYINER PROPAGATION-—EPNL

EPNL
OPERATION HIC 5 HIC 1 MIC 4 WEIGHTED
AJERAGE
N 4 4 q
500° (0.%h)  AVB EPNL= 72.1 2.8 71,9 §2.27
STD DR= .5 7 1
b= 4 4 4
10001 €0.%h)  AVG EPNL= B4.9 B87.1 84.7 84,50
5TD DEV= g @ o
B= A8/ LOB(934.37 / 531.43) Dudi= 5.37
k= 5.37 / 2447074
k= 219
TUBELE 9.24
SUM#RY TABLE FOR EPHNL
HELICOPTER PROPAGATION CONSTANT <)
BELL 272 14.33
HERDSPATIALE
DAUPHIN 2 18.47
HUGHES 5000 14,80
AEROSPATIALE
TWINSTAR 13.94
HERDSPATIALE
ASTAR 13.14
SIKORSKY 5-744 17.91
BOEING-VERTOL
CH-470 21,91
AERAGE = 16,37
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APPENDIX A

Magnetic Recording Acoustical Data and Duration Factors
for Flight Operations

This appendix contains magnetic recording acoustical data acquired during
flight operations. A detailed discussion is provided in Section 6.1 which
describes the data reduction and processing procedures. Helpful cross
references include measurement location layout, Figure 3.3; measurement
equipment schematic, Figure 5.4; and measurement deployment plan, Figure
5.7. Tables A.a and A.b which follow below provide the reader with a
guide to the structure of the appendix and the definition of terms used
herein,

TABLE A.a

The key to the table numbering system is as follows:

Table Ho. A. 1=1. 1

Appendix No.

Helicopter No. & Microphone Locatlon

Page No. of Group

centerline—center

¢ centerline-center(flush)
gideline 492 feet (150m) south
sideline 492 feet (150m) north
centerline 492 feet (150m) wesC
centerline 617 feet {188m) east

Microphone Ho.

(0, I O R R




TABLE A.b

Definitions

A brief synopsis of Appendix A data column headings is presented.

EV

SEL

SEL-ALm

K{A)

EPNL
PNLm
PNLTm

K(P)

0ASPLm

DUR(A)

DUR(E)
TC
Each set of

test date.
subset.

Event Number

Sound Exposure Level, the total sound energy measured
within the period determined by the 10 dB down duration
of the A-weighted time history., Reference duration,
l-sacond.

A-weighted Sound Level(maximum)

Duration Correction Factor

A-welghted duration constant where:

K(A) = (SEL-ALm) / (Log DUR{A))

Time History Shape Factor, where:

Q = (100.1(SEL-ALm) ; (puR(A))

Effective Perceived Noise Level

Perceived NHolse Level(maximum)

Tone Corrected Percelved Noise Level (maximum)

Constant used te obtaln the Duration Correction for
EPNL, where:

K({P) = (EPNL-PNLTm + 10} / (Log DUR(E))
Overall Sound Pressure Level(maximum)

The 10 dB down Duration Time for the A-weighted time
history

The 10 dB down Duration Time for the PNLT time history

Tone Correction calculated at PNLTm

data is headed by the site number, microphone location and
The target reference condtions are specified above each data




THELE WD, A.7-1.1

BOEING VERTOL CH-47D HELICOPTER (CHINOODW) DaT/I5C
b/13/84
SIHHARY WOLSE LEWEL DATA
H5 HEASURED #
S5I7Ex 4 CENTERLIWE - CENTER JULY 12,1983

EY SEL  Alw SEL-plw KA} D EPML . PHLe PHLTe K(P)  DASPLe DURTR) DURCF) TC

TEKEQFF -- TARGET IAS BG KIS

A7 838 772 Bé 0 7l 0uA 9.0 B9.6 9.5 T4 92.8 16.5 1%.5 0.9
4 s 7. TE 6T DA 9,3 9. Sl T 92,2 1A% 155 0.9
o S v R R T i S o BT 7 F 7 ST 85.7 145 15F 1.0
fvo. 85,5 TR B2 700 WG4 M4 909 9T D 9.4 15.2. 158 0.9
Bddv 0.7 0.9 0.4 0.2 0.0 0.8 1Y G el 1.9 12 B
op e (U e R G S T A = T P s o O o O £ T P 3.2 LY RS a0
THMEDFF — TARGET I1AS 70 K15 (MILITARY)
153 89.8 83.1 6.7 5T 05 - 9 9RA = 97.9 10 = 0.9
L54 90,2 B30 7.3 7.0 0.0 3.4 §6.7 9T T3 7.4 110 1.5 L0
{55 0.2 #8271l s DA 954 963 FR.B TS PR3 1L 130 0.4
Avo. 90.1 831 7.0 &B 0% 953 943 RIS 9R.& 0.8 A2.2 0.8
Std by 0.2 04 0.3 0.2 0.0 P e S 1 T 0.8 08 1.l 0.3
FOLEDL 0.4 0.2 0.5 03 00 .8 03 e T 1.3 13 A3 S
AFPROACH — TARGET 145 100 WTS
Ki6  97.8 90.7 7.0 A 0.4 10201 10404 105.0 66 1024 12,0 12,0 0.7
K48 B4.6 B899 A4 6.0 0.4 100.6 1034 1041 &9 WD 130 9.0 0.5
K50 9.6 90.5 b4 6.4 0.4 1007 103.9 1048 6.0 1004 10,0 9.5 0.8
K52 959 91,0 5.9 4.5 0.5 100.9 10407 1054 41 1018 8.0 B 07
Aeg. 970 90.6 6.4 6.3 0.4 1011 1041 1048 &4 1045 107 %6 0.7
Std Dy 0.6 05 05 03 0.1 07 S 0e 0.4 EE R s R Ly R e
L LE 0.7 5 bbb %l 15 ST 1 R o S (14 10 s 200 L2
APPROACH -— TARGET 145 70 KTS (MILITARY)
136 993 92.4 4.9 &7 0.4 103.7 1045 105.0 7.3 1032 1.0 130 0.5
137 97.6 89.6 8.0 7.0 0.5 10L.4 1029 1037 4B 10L& 140 145 0.7
138 99.4 9.8 7.7 7.4 0.5 1037 1053 1062 7.2 1029 1.0 LD 1.0
139 98L& 90.3 B.3 7.7 0.6 102,46 103.9 1045 7.4 10LF 12,0 125 07
fv 98.7 91,0 7.7 7.4 0.5 102.8 1041 1049 7.2 1024 12,2 127 00
Dy 08 1.3 0.4 04 0. [ M L fa i L (5 A B I R
ary s N T T SR iy L - F 1.1 158 7 153 03 R T R A P

% -~ NDISE INDEXES CALCULATED USING KEASURED DATA UNCORRECTED
FOR TENPERATURE,HUMIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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DAT/T5C

&/13/84

JULY 12,1963
DASPLE DURLAY DURCP)

PHLTH WiP)

FHLm

#S HERSURED #
EENTERLINE - CEWTER
EPHL

THELE HO. A.7-1.2

BOEING VERTOL CH-470 WELICOPTER CCHINDOK)

SUHMARY HOISE LEVEL DATA
a

1

SITE:
Als SEL-Alm  KiA)

SEL

S00 FT. FLYOVER - TARBET 1aS 135 KIS

EY

ek
[ =T = =]

bt
[ =]

—

w4y
= =]
-

w1 B0

C
e o
o

= I g
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(et =0 =1

0
I =

=
- .
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o

]
[ Bt =]
o

97.2
78.3
74.9

94,2 96,9
97.9

9.2  99.7 A00.1
Fh.d

75.4
74.3

B4.1
a1.1

o B 00 O oo 80
[l ol e o

88.9 81.0
87.3 821
8%.5

S00 FT, FLYOVER — TARGET 185 135 KTS (MILITARN )¢ V¢
88.8

500 FT. FLYOVER -- TARGET 1AS 135 KIS (ICAD) -0 A V 1 2

87
BE
EY
B10

[ e s ]
i
=1 =]

[T Ll
= om .

DR ATRCRAFT DEVIATION FRON REF FLIGHT TRACK

& - NDISE IMDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEMPERATURE HURIDITY,

500 FT. FLYOVER —— TARGET 1AS 120 KT3




1€

DOT/TEC
A/13/84

DASFLy DURLA) DURIP)

JuLy 12,1981

EFNL  PHLe PHLTw KiF)
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FOR TEMPERATURE HUKIDITY,OR AIRCRAFT DEVIATION FROK REF FLIGHT TRACK

% - NOISE INDEYES CALCULATED USING HEASURED DATA UNCORRECTED



TABLE

Hﬂ. Er?'_qil

BOETHG VERTOL CH-470 HELICOPTER (CHIMDDK)
SUNNARY MDISE LEVEL DATA

S

HEASURED *

BITE: 4 CENTERLINE - 150 H. WEST

EY SEL  Ma SEL-Am Kip) 0

THKEDFF —- TRRGET [AS BS K18

47 Bab 76 B2 67 04
JA9 B850 768 8.2 a0 b5
Ji Bn.d e B8 7.2 0.
fvg. B30 75B B3 7.0 0.4
std v 0.3 01 0.2 03 0.0
WECI 0.4 01 0.3 0.4 B

TRKEDFF -- TARGET 1AS 70 XTS5 (HILITARY)

153 883 @1 83 7.3 0.5
154 §7.8 B8L.0 &8 5.3 0.4
L55 p9.4 822 2 AT DA
Avg. 88,5 81,1 7.4 6.8 0.4
std v 0.8 11 07 0.5 G0
gix el 1.3 1.8 L3 0B 0.

HPPROACH -- TARGET 1AS 100 KT5

Ke6 96,9 897 7.2 62 04
K48 95,2 BB A4 42 0.4
K50 95.6 9.3 &3 6.6 0.5
K52 957 89.0 4.8 4.8 05
Pvg.  95.7 B9.2 6.6 A4 0.4
Std v 0.7 0.4 04 03 0.1
WILI 09 05 0.5 0.3 0.1

APPROACH -- TARGET 1AS 70 KTS (MILITARY)

136 97.0 8%.0 8.0 6B D4
137 969 B84 B4 7.2 0.5
138 97.8 90.4 7.4 6B DA
139 §7.4 89.64 8.0 &8 0.4

. 9.3 893 B0 65 DA
std Dy 0.4 0.9 0.5 0.2 0.0
it 0.5 1.0 0.6 03 0.0

% - NDISE INDEYES CALCULATED USIHG HEASU
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EFHL  PMls  PNLTm KIP}

E: 88,7 D4
BE.? BH.? B7.0
B%.6 B8%.6 0.5
89.2 89,1 69.%

0.5, 03 08
.3 0.8 0N
91.4 M5 754
2.6 937 947
94,3 95.5 9b.3
93.4 94,5 954
0.y 0.7 0.9
14 1 1.4

100.7 102.8 103.5
79.2 102.4 105.1
99.4 102.4 103.0
99.6 102.3 102.%

99,7 102.5 103.1
0.7 0.2 0.2
0.8 03 03
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101.3 102,32 104,

(=]
—
L==4
]
= gt
Lt =]
~

=

RED DATA UNCORRECTED

A ':\-J-.J
- = "
) o L)

- - =
Erd B3 2 Oy ==

= e R - = ¥ e
*o.p R
i g A o i =]

e e B B et B
3 i

e .
e ]

JULY 12,1983

DASPLe DURLAY DURCE)

DET/TSEC
&/13/84

= gy~

b Foinee

=
S -

i = =
=

0

[ Rl = o
P mg .
U R, TR A S

DEVIATION FROK REF FLIGHT TRACK

e Iy ey
A e e

hab=cn
. . SE
et ek = LA pR S

e

L o
o E g "
Li-ach o

.

Sass
i R e R
(=< 0 S = = L

p—
bl oy
-

CAratnon
[t
enenes

—
e (]
L - -
im0 ©h

—
o
&

l:-‘:?"-d
[ B N ] Enen

i
(=N = A o
Eoplte i3
S enen

—

-

T T

e [ Ty
L et £ 0 2 P2
milig R T

el i B LA =

[ Y
s ol :_J'IE-ILJ'ID-I
- - - - -
B oo

1C

(=1 =0 _I:Fa-ﬂ
e M
FI= o0 000~

= - = =
End B £ ~ 0~

l';'llﬁ'ﬂ = =]

= -*:l-_GH:AF'
e E
Pl b ]k O 0 O

[=T=1 =] cat:r-::?
bl -
[ R~ - B = R L=



4/13/84
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DOT/TSC

0ASPLe DUR{A) DURKF)

JULY 12,1983

KiP)

PHLTn

RS MEASURED *
EFHL  Phia

CENTERLINE - 150 M. WEST

TRELE NO. #.7-4.2

BOEING VERTOL CH-470 HELICOFTER (CHIMDOW)

]

SUMMARY MOISE LEVEL DATA

4

SEL-ALe KiA)

S1TE:

SEL  Alm

00 FT. FLYOUER -— TARBET 1AS 135 WTS

wim
u_-nﬂ.u

10.7
1.7
0

_sl.n}_...-.u
-......l.l;

— U ol
W w
Wty
o=
u.._..lr..l-.

ﬁga

o = e
- =y

[Fel=t"]
- N
- =t
o

o S ey
P

]

b,
ﬂu.u..u

.T...-.:Dn.}_
?ﬁun

oo
M=o

FLYOVER - TARGET IAS 135 KTS (ICAD)

500 F1.

iﬂ.ﬂa_l
.ﬂ._.ﬂ_uu.

ln...u._._..u
..Bl_.....

1.11._-.
-__.uullnql.

(Tetaclar]
P
-

J.n...g:d
Ji.nu_:.n._

w0
-
o

.._U.T....Iu
znu:u

‘ﬂ.n
__ﬂ__.ﬂ__:q

__H._Tu....:_
1-..“.:_.u.

nl.-._n-r—....-
Bﬂ:ﬂ

4 2
o

Ll e
-..-..U__n.l.._

2 —
[=T1 & ]

£38

300 FT. FLYOVER -- TARGET IAS 133 KTS (MILITARY)

=T o
Womow .
T o

T L =TTe k=1
i
s ok

r_ru.n-_.._.u_.ﬂo.
3...._3.&

=0 O
" oW
L=T1 =K1

_..-—1-.-....
n.r......._—...u

= o
ﬂ:.n_a.wﬂ

nU_EI._-iﬂ
-
it =

T......D.T..
..ﬁ.u.nu.

o dean
.Uﬂ.._.u

nu__.-l......ﬂ
_-...u..u

M~
- = o
P et

o F s
el

5&?
5=

[ ]

.
=
« LR D

500 FT. FLYOVER -- TARGET 1AS 120 KIS

._.-.u.-:._-l...
.-U.ﬂ_..u.

Wiy =
[l
B g
i

ot
_.u.,..ﬂ..ﬂ__

.1.-....55
ul...-._..-.un.-“.

1...__...|._r_|w
_l.-..n-nv

cirarm

gide

_-...—...u_...v
ll.__u-"u.

o 51
5=

r.J_.luL.
ﬂu..ﬂ.ﬂ.

ln..l..l.
?.ﬂ_u

- HOISE INHDEXES CALCULATED USIHG MEASURED DATA UNCORRECTED
FOR TEMPERATURE,HUNIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK



1C

DOT/TSC
&/13/84

DASPLe DURCA) DURIF)

JULY 12,1983

. - am

PHLTe  K(P}

THELE HO. A.7-4.3
BOEING VERTOL CH-47D HELICOPTER {(CHINODK}
AS MEASURED
CENTERLINE - 150 H. MEST
EPHL  PMLe

i

SUMMRRY WOISE LEVEL DATA
SITE: 4
fle SEL-Alm  Kia)

SEL

s

00 FT. FLYOVER -- TARGET IAS 105 KT8

EV

_-.llu _-In - =
= = ol
??9??%

@t
. & | =
-.I-.-...n...-rjﬂ

......
[ s bt
o~ O 0 0= O

------

uuuuuu

------

nnnnnn

L e
" B W
[=1=J =]

e
n B ow
B
—

[t =1
L -]
[T R
i

o
a 8 8
o =
o

-1
- & &
(=t~

[ L= v

- % m
e =]
Crs

W=t o
= % .
=

-t
]
L= ]
(=23

-
L]
(=1 =0 =]

=2
= =}

1000 FT. FLYOVER — TARGET IAS 135 KTS

W= o s
LR R
L=1=F ==

=1 el Tl )
- W W m
oo ~0y O~

1 -—
P el
R
I e ]
- o~
. Pl
==]
SE2S

LY O
o 8 e

O -0
i ol e
e €0 g =
oo B2 o 20
B Lt
__H.“u....n__
]

=
L L
il = =0
o0 00 e O

L LT3 g T
m " mom
(=1=F=1=

= P13 0 0
o o P P

= 00 Py
" & om
o 0 3 O

=01 4 1
LA -
[ =1 =]
-
LI -
o M
oo
ool

-l_.uu.r_ﬂr
o

o
H .
=t
=0
- By
[ -
oo

[« k=N
oy it
-

e o
4 o
==
L]

[ FeR=t =]
]
L=

= =
. By
L
00~ e
" =
Mo
{
o=
- L} -
ﬁ.ﬂuﬁv
B

|D.n-.._
i5R

TAKEDFF -- TARGET 1A5 B3 KIS {1CAQ)
APPROACH — THRBET 1AS 85 KTS (1CAD)

00— =y
]
=L =

=0 G =0
FRE

[ bl ]
—

o -r

- .
(pcinla
-

== e |
. .

Wll
-t

o~y
s 5w
=T~

IW3ed

s " u
[ e e
L=

-.nr‘”.ﬂ_k

FOR TEMPERATURE,HUNIDITY,OR &IRCRAFT DEVIATION FROM REF FLIGHT TRACK

* - NOISE IHDEYES CALCULATED USING MEASURED DATA UNCORRECTED
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TABLE MO, A.7-5.2

BOEING VERTOL CH-470 HELICOPTER (CHIHDOK) DOT/TSC
&/13/84
SUMMARY WOISE LEVEL DATA
AS HEASURED *
SITE: 3§ CENTERLINE - 188 M. ERST JULY 12,1983

Y Gl  Alw SEL-flm Kin) @ EFHL PHLm  PHLTe K(P)  OASPLe DURCR) DURIPY TC

00 FT. FLYDVER -- TARGET TAS 135 KIS

Ciy Ba7 782 B 1.3 Q.4 .4 923 930 7.9 .4 12,0 115 1.l
12 A7B 80,2 .5 T3 05 9.4 94,8 5.4 6.7 97.0 110 11,0 0o
L3 @it 738 8.0 1.3 0.5 92,4 941 W3 7.4 96,1 125 165 0.4
£i4 877 80,4 72 2.1 0% 92.3 a0 Thb bad 4. 0.5 105 0.
Avg, 82,5 79.7 B 1.4 0.3 92.1 ¥4l 4.6 7. 6.1 1.5 114 0.7
Std Dv 0.3 1.0 08 0.4 0.0 fem kDl LD 0 0.9 0% 0.9 03
LD 06 12 0.7 04 0. b 1.5 L4 0.7 1.1 L e 0.3
500 FT. FLYOVER -- TARGET 1AS 135 KT8 (ICAQ)

fl B8 791 7.5 7.3 0.5 91.6 940 945 AT 953 105 115 0.5
A2 g7.7 18 1.8 7. Q4 72.7 954 7h.4 b4 96.1 135 145 0.5
A3 g7.2 .8 8.3 &7 0.4 92.4 4.4 94,7 b4 95.8 140 150 95
A 88.% 80.2 8.3 AT 0.4 4.1 958 63 b.b 95.6 140 155 0.5
PG g2 13 7.9 A4 DA = AT M = 95.8 170 = 0.5
Al 7.2 7.0 8.2 LI O0G 92.3 944 VA,?  bab 9.2 13.5 14,0 0.5
fyvg. B7.4 794 B0 6T 04 52.7 M7 951 &S 6.4 4.6 141 0.0
StdDv 0.6 0.5 0.3 0.3 Dl 0.9 0.6 0.6 0.1 8.3 246  Le 00
#ECl 0.5 04 03 0.3 0 0.9 05 45 0 03 21 LS 0.0
500 FT. FLYDVER -- TARGET 145 135 WTS (RILITARY)

B7 8%.0 8l.4 7.9 6.3 04 4.8 9.4 9.7 6.0 96.7 160 150 0.4
Bg 0.0 BT 45 A5 0.4 93.7 993 9.8 4.2 8.4 10,0 2.5 0.5
EY M0 MY eE 63 04 97.2 100.6 1010 b2 99.9  10.0 0.0 0.4
B0 503 833 7.0 4.1 QA .1 9.1 W 59 98.6 140 12,5 0.5
fwg., 0.1 B2 4.9 A3 0. 9.0 9.1 9R5 & 8.4 12.6 11.7 0.4
Std v 0.8 1.4 046 0.2 0.0 L £ S E S . T . T 8 |
9% Cl 1.0 L6 0.7 0.2 0.1 1.2 1.6 16 02 1.6 3y 30
500 FT. FLYOVER -— TARGET IAS 120 KT8

DI Bi.4 790 7.4 G 0.6 1.0 928 934 7T 95.4 9.5 100 0.4
Dis 85,2 785 J7 A1 O Ry ) = Poag . BTl = 0.3
D17 B&.4 79.6 LB 67 OG 0.9 3.4 938 b9 5.8 10,5 1.3 0.5
me B3 NS 78 13 LG = 30 S = 94,8 12,0 = 1.6
) A . S - Y R Y S . [T 90.4 925 929 7.2 943 1100 1100 0.5
fvg. B6S5 WO 1S 74 0D 3.8 528 TS 7.2 75.4 10,4 0.5 0.7
Std bv 9.5 0.5 0.4 05 0.1 0.3 03 07 D4 .9 1.2 0L 0.
9% Cl 0.5 0.5 0.4 05 0.l e 03 G 07 0.8 1.1 0.8 0.5

# - HOISE IMDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEMPERATURE,HUMIDITY,OR AIRCRAFT OEVIATION FROM REF FLIGHT TRACK




TABLE M. A,7-5.3

BOEING VERTOL CH-47D HELICOPTER (CHINODK) DOT/TEC
SUKMARY NOISE LEVEL DATA R
AS KEASURED #
SITE: & CENTERLINE - 1BB M. EAST JULY 12,1783

EV EEL ALe GEL-pla K{A) @ EFHL  Phlm PHLTI KIP)  DASPLw DUR(A) DURIP) TC

——— e el —_———— -

500 FT. FLYDVER -- TARBET 1AS 105 TS

E20  89.3 80.6 BB 1.6 0.5 93.6 946 95.2 7.4 9.2 14,5 140 0.8
EM  BAl 716 8.4 7.8 0.6 0.4 Fl.4 9.2 .4 3.4 120 12,0 0.8
B2 867 WS %2 T 0 .8 9.5 920 7.0 718 195 185 0.5
EZ3  B6.3 783 B0 Tb D6 ?G.ﬁ ¥2.2 900G IS 9.7 11.5 11 VI
E2d 06,5 774 9.2 7.8 0.5 1.6 92,2 = 72.1  15.0 0.4
EX. 8.1 TB.2 7.9 T2 0.5 ?G.E ¥2.2. 92, &7 . 1S 12.5 0.7
Avg. BAB 7.2 Bk 15 0.5 1.1 YD 9y 7.2 3.4 142 136 0.7
StdDy 1.3 12 008 0.3 4. 1.4 1.2 1.2 0.4 1. X0 2.9 0.
I L0 f.0 05 02 0. L4 10 107 0.4 L3 2.4 2.8 0.l
1000 FT. FLYOVER — TRRGET 1AS L35 KTS

FR6 837 750 Bs 7.1 0. 87.7 88.2 B8 7.2 90.6. 15.3 17,0 0.4
F27. ‘835 760 7.8 43 0.4 7,3 903 9.0 57 0.1 155 130 0.7
kg 824 737 8.7 69 0.4 g6.1 B6.7 BL.T 4.5 89.0 18,0 235 0.4
F3% B3 734 89 7.0 0.4 Bs.2 B6.2 871 7.0 87.7 19.0. 20.5 0.9
Hv%. 3.0 .6 B4 58 0.4 B6.7 B7.9 BR.G b BY.7. 17.2 1B.5 0.4
std by 0.7 1.1 0.8 0.4 0.0 7 R T A (4 S 0.7 1.6 4.5 0.2
WLl 0.8 4.3 07 oS4 0.0 0.7 2.1 2.1 0.8 .8 418 5.3 0.2
THKEDFF -- TARGET IAS 85 KTS (ICAQ)

G40° 92,8 BL.4 65 AA 0.5 78.7 1015 102.5 A4 1055 9.5 9.0 1.4
B4l 92.2 BEE o8B G 0.4 = 100.2 101.0 — 1W03.2 9.5 = 0.7
c42 735 BB L7 LD 03 = 1018 10%.4 = 103.7 40.5 i 0.6
643 723 By G5B 6 0.4 97.1 100.2 100.8 44 10N B0 9.5 0.8
GM  Fh.1 905 46 46 0.3 00,0 1044 1048 5.3 105.7 400 9.5 0.4
GAS 936 BE.G 5.0 5.4 0.4 - 102.4 102.% = 104.2 B.5 < 0.5
HU%. 93.3 8.7 Sb 50 0A 8.6 10157 1024 6.1 10D 9.5 9.3 0.7
Sl v 1.1 1.6 0.6 0.7 0.1 14 1.5 0.8 L. &7 0.3 0.2
0 El 0.9 13 05 0.6 0.0 T T 1 U T R 4 L2 %6 0.5 0.2
APPROACH —— TARGET 145 85 KTS (1CADI

HI0 9%.1 92,3 4B 4.7 0.5 1034 1041 1049 48 1045 105 9.0 0.8
H3t 2.0 WS 72 7.2 0.5 1015 1037 104.4 7.6 102.6 10,00 10.0 0.7
H32 98,7 91.% 7.2 67 04 1027 105.2 1060 b6 1029 12,0 105 0.9
Hi3. 987 92.8 52 6.2 0.4 1043 106 107.6 4.3 1044 9.0 8.0 0.7
Hi4 99,2 92.3 62 6.2 0.4 103.0 1064 1068 A4 1044 100 %5 0.5
B35 989 L. 62 Gad 0.4 1026 M0GLH 10K.2 4.7 1038 9.5 9.0 0Lé
fvg. 8.6 919 68 b6 0.5 102,88 1057 063 67 103 102 83 0.7
BtdDv 0.6 0% D6 0.4 0.0 EF IS 1 S O TR 1 .80 1.0 0.9 0.2
EL] 05 0.8 0.5 0T 0.0 0.4 07 0.7 DA 6.7 0.8 07 b

¥ - NOISE INDEXES CALCULATED USTHG MEASURED DATA URCORRECTED
FOR TENFERATURE,HUKIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK




APPENDIX B

Direct Head Acoustical Data and Duratlion
Factors for Flight Operations

In addition to the mapgnetic recording systems, four direct-read, Type-l
noise measurement systems were deployed at selected sites during flight
operations. The data acquisition is described in Sectiom 5.6.2.

These direct read systems collected single event data consisting of
maximum A-weighted sound level (AL), Sound Exposure Level (SEL),
integration time (T), and equivalent sound level (LEQ). The SEL and dBA,
as well as the integration time were put into a computer data file and
analyzed to determine Cwo figures of merit related to the event duration
influence on the SEL energy dose metric. The data reduction is further
described in Seetion 6.2.2; the analysis of these data is discussed in
Section 9.4.

This appendix presents direct read data and contains the results of the
helicopter noise duration gffect analysis for flight operations. The
direct read acoustical data for static gperations 1s presented in
Appendix D.

Each table within this appendix provides the following information:

Run No. The test run number

SEL(dB} Sound Exposure Level, expressed in decibels

AL(dB) A-Weighted Sound Level, expressed in decibels

T(10~dB) Integration time

K{a) Propagation constant describing the change in dBA with
distance

0 Time hiistory "shape factor”

Average The average of the column

H Sample size

Std Dev Standard Deviation

0% C.Ll. Ninety percent confidence interval

Mic Site The centerline mircophone site at which the measurements

were taken




TABLE B.1.!
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83

OPERATION: 500 FT 1CAD FLYOVER/TARGET IAS=135 KTS

HIC SITE: ]

RUN NO. GSEL(DB) AL{(DB) T(10-DB) Kif) o

Al 67.4 79.4 11 7.3 ]

Az B8.5 80.2 13 7.1 ]

Al 8.7 7%.4 14 8.9 o

A4 B?.1 81 I3 4.7 -4

A5 87.5 9.5 14 d.d R

Ad B7.4 79.5 13 7.3 o

AVERAGE Be.00 7770 14.30 7.00 o

N & & 4 & 8

STD.DEY. 0,48 0.63 1.97 3 J0é

¥4 C.1. 0.54 0.31 1.82 W21 05
TABLE B.1.2

HELICOPFTER: BOEIMG-VERTOL CH-470
TEST DATE: 7-12-83

OPERATION: 500 FT ICAD FLYOVER/TARGET IAS=135 KTS

HIC 5ITE: L

RUN NO. SEL(DB) AL(DB) T(10-DR) Kif) ]
Al g B0.7 10 7.3 3

Az B8.8 8.9 12 7.d ]

A3 B8.7 80 14 7.8 b

Ad 89.4 Bl.2 15 7 4

A3 87.8 79.9 12 7.l ot

Ad g8.2 7.5 16 7.2 i
AVERAGE B8.50 80.40 13.30 7.30 "o
N g é é 4 é
STD.DEV. 0.4l 0.dé 2.1¢ 27 .04

#Oit C.1. 0.5t 0.54 1.78 122 HiL]




TABLE B.1.3
HELICOPTER: BOEING-VERTOL CH-470

TEST DATE: 7-12-83

OPERATION: 500 FT 1CAQ FLYONER/TARGET 1AS=133 KTS

HIC SITE: 4

RUN NO. SEL(DB)  AL(DB) T(10-DED KA o
Al B7.4 7.7 14 6.9 L

A2 B8.3 g0.2 12 7.5 g

a3 87.4 Bl.l 1é 7.l A

A4 g8.7 80.3 17 7 A

AS B7.7 79.4 14 §.7 A

Aé B7.4 9.3 15 7.1 D
AVERAGE 88.30 B0.00  15.00 7.00 o
N é b é b &

STD.DEV. 0.82 0.44 1.79 26 k]

70% C.1. 0.48 0.533 1.47 21 04

TRBLE B.2.1
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83

OPERATION: 500 FT MILITARY FLYOVER/TARBET 1AS=133 KTS

MIC SITE: 5
RUN ND. SELCDR) AL(DB) T(10-DB)  KiA) 2
87 897 82,3 5oy A8 .

BB 9.4 855 7 6

B 9.8 841 9 § A

B0 0.6 B3.8 P 2 5
AVERAGE 90,90 84,40 850  7.00 5
N 4 4 4 3 4
0.0V, 093 172 L0 74 08

04 C.1. 1.09 2,02 1.18 87 3




TABLE B.2.2
HELICOPTER: BOEING-VERTOL CH-470

TEST DATE: 7-12-83

OPERATION: 500 FT MILITARY FLYDVER/TARGET 1AS=135 KTS

MIC SITE: l

RUN NO. SEL{(DB) AL(DB) T(10-DB) K{A) ]

B7 1 83.1 14 4.9 o4

BE 72.2 B5.8 10 4.4 4

By §2.4 B7.9% 7 5.4 4

B1D 0.4 Ba.7 I3 6.9 ]

AVERAGE 71.40 B4.%0  11.00 4,40 A

N 4 4 L Ll 4

5T0.DEV, 1,02 2,44 3,14 63 .01

504 C.1. .21 2.87 3.72 74 02
TABLE B.2.3

HELICOFTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83

OPERATION: 500 FT MILITARY FLYOVER/TARGET I1AS=133 KTS

HIC SITE: q

RUN ND. SEL(DB)  AL(DB) T{10-DB) Kia) g
B7? 9.4 B2.4 13 B.1 .

b §2.9 5.3 Iz &.7 .4

B? 0.7 Bd.9 7 8.9 e

Bid B¥.4 Bl.4 14 dad o4
AVERAGE §1.00 B350 12.00 7.0 "
N 4 4 § 4 4
S1D.DEV. 1.30 1.90 3.74 58 ol

704 C.1, 1.33 2.23 4.40 8 A2




TABLE B.3.]
HEL1COPTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-83
OPERATION: 500 FT FLYOVER/TARGET 1AS=135 KTS

MIC SITE:

RUN NO. SEL(DB)  AL(DB) T(10-DE) Kidd

cil B4.3 7.3 12 B.2
ciz2 87.4 77.8 12 7.2
Ci3 87.7 79.4 13 89
Cl4 B7.7 79.7 13 7.2

AJERAGE §7.30 77.20 13.00 7.40

N 4 4 q 4
5TD.DEV. 0.48 .10 14l s
0% C.1. 0.8l 1.30 f.4d .4

TABLE B.3.2

HELICOPTER: BOEING-VERTOL CH-470
TEST DATE: 7-12-83
OPERATION: 500 FT FLYOVER/TARGET 1A8=133 KIS

MIC SITE:

RUN NO. SEL(DB)  AL(DE) T(10-DB) KiA)

il 87.9 BO.8 ) 7.4
C12 7.3 B2 10 7.3
13 B7.1 B0.¥ 10 8.2
c14 88.2 8.1 11 7.

HJERAGE ge.70 81,20 10.00 7.5
N 4 4 4 ]
§T0.0EV, 0.43 .53 0,82 A8

20% C.1. 0.74 D.é4 0.7 + 38

NIl

07

.08



TABLE B.3,3
HELICOPTER: BOEING-VERTOL CH-470

TEST DATE: 7-12-83
OPERATION: 500 FT FLYOVER/TARGET 1AS=133 KTS

MIC SITE:

RUN ND. SEL(DB) AL(DB) T(10-DB) Kial

Ci B7.1 9.7 12 6.9
C12 9.4 Bl.2 i1 7.9
C13 88,3 B1.2 g Tl
Cl4 B8.3 Bl 12 7.7

AJERAGE BB.30 80,50  11.00 7 .30

N 4 4 q 4
STD.DEV, 0.95 0.7% 1.4 .43
POt C.1. 1.1 0.93 .46 33

TABLE B.4.1

HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: 500 FT FLYOVER/TARGET 145=120 KTS

HIC SITE:

RUN ND. SEL(DB) AL(DB) T(10-DB) Kia)

D% Bé.2 78.4 12 7
Did B4.5 78.1 15 7.1
D17 B&.3 771 12 &.9
D18 87 79 14 b6
D1y B3.9 77.9 15 4.8

AJERAGE Bs.40  78.50  14.00 6,90
N 3 i 3 g
STD.DEV. 0.41 0.53 1.87 o2

y0% C.1. 0.3% 0.51 1.78 15

A7

.08

03

03



TAELE B.4.2

HELICOPTER: BOEING-VERTOL CH-47D

TEST DATE:

OPERATION:

RIN NO.
D15

Did

Di7

oig

01y
AVERAGE

N

STD.DEV.

905 C.1.

7-12-83

500 FT FLYOVER/TARGET 1AS=120 KTS

SEL(DB)
é.%
B7.9
Bo.b

B8
87
87.20
3
0.5%

0.53

AL(DB) TC10-DB)

1%.7
79.3
8.7
79.7
7%.4
77.40
3
0.4l

0.3%

HELICOPTER: BOEING-VERTOL CH-470

TEST DATE:

7-12-83

MIC SITE:

Kid)

10 i

I3 7.4

12 7:d

12 1.7

1] 1.4

11,40 7.40

3 ]

1.34 o2

1.28 A7
TABLE B.4.3

OPERATION: 500 FT FLYOVER/TARGET IAS=120 KT3

RUN KO.
D13
Dl
07
Dig
D1?
AVERAGE
N
STD.DEV.

#0% C.1.

SEL(DB)

A
87.2
35 15-
B7.2
B4.8

B4, 70
4
0.81

0.93

M
78.7
7.5
78.3
8.7

78.30
q
.57

0.47

MIC SITE:

AL{DB) T(10-08)

) ]
14
14
13
12
13.30
4
0.74

1,13

KiA)

A
7.4
i

B
7.9

03

.03

A

07




TABLE B.5.1
HELICOPTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-B3
OPERATION: 500 FT FLYOVER/TARGET 1AS=105 KTS
MIC S1TE: 6]
RUN NO. SEL{(DB) AL(DB) T¢10-DB) Kia) g
E20 B8.%7 B0.2 1 8.4 "
E2I B3.3 766 10 8.7 o
E22 5.8 76.7 13 g.2 .
E23 NA M4 i hA 4
E24 aé 7.3 13 8.2 o
E25 Bé.4 78.4 13 7.2 ]
AVERAGE B8,50  77.40  12.00 B.10 .
H 3 ] 4 (] ]
STD.DEV. 1.4 1.45 2.00 T 07
7074 C.1, 1.34 1.57 158 4] «H 09
TABLE B,5.2
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: 500 FT FLYOVER/TARGET 1#S=105 KTS
MIC SITE: 1
RUN NO. SEL(DB) AL(DE) T{(10-DB) Kif) i
E20 7.2 B2.1 13 7.3 ]
E21 B4.8 7.1 11 7.4 9
E22 B7.4 78.3 1d 7.7 ]
E23 Bd.3 8.4 13 7.1 "
E24 B7.1 78.3 1B 7 L
E25 Bé.é 18.2 13 7.5 ]
AVERAGE B7.40 757,00 14,00 7,30 )
N & é é g ¢
ST0.DEV, 1.43 1.52 2.53 27 .05

0% C.1. 1.17 1.2 2.08 22 04




TABLE B.3.3
HELICOFTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-83

OPERATION: 500 FT FLYOVER/TARGET 1aS=105 KTS

MIC SITE: 4
RUN ND. SEL(DB)  AL(DB) T(10-DB) KiA) a
E20 Ba.é 0.1 N Ha A
E21 Bé.7 7.7 WA N NA
E22 8.9 7.7 Ha 2] N
E23 Bé 77.8 W A M
E24 Bs.8 . b i A
EZ5 M4 ] Néi N M
AVERABE g7.00  78.20
N 3 3
§70.0EV. D.%é 1.07
90% C.1. 0.%2 1.02
TABLE B.4.1
HELICOPTER: BUEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: 1000 FT FLYOVER/TARGET 1AS=135 KIS
MIC SITE: 3
RUN MO. SEL(DB)  AL(DB) T(10-DB) KiAd !
F2é B3.8 74.7 16 7.4 Wi
F27 B4 76.9 15 b 3
F28 B2.7 74.2 17 8.9 o
F2? 2.2 74.1 20 8.2 )
AVERAGE 3,20 75.00 17.00 6.4l 4
N L] 4 4 q i
S§T0.0EV. .87 1.30 2.14 62 07

2% C.1. 1.02 1,53 2.54 74 A1)




TABLE B.8.2
HELICOFTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-83
OPERATION: 1000 FT FLYOVER/TARGET 1AS=135 KTS
MIC SITE: 1
RN NO. SELCDB)  AL(DB) T{10-DB) Hea) ]
F24 B4.% 75,2 17 7.7 3
F2? 84,4 16.6 14 7 3
F28 83.9 73.1 15 749 5
F29 Bd.1 75.4 18 4.8 4
AVERAGE B4.40  75.40  14.00 7.30 3
N L g q 4 |
STD.DEV. 0.44 0.8 1.83 i 07
#04 C.1. 0.54 0.81 2.15 a7 8
TABLE B.4.3
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: 1000 FT FLYOVER/TARGET 148=135 KTS
MIC SITE: 4
RN ND. SELCDB) AL(DB) T(10-DB) ki) i
F24 B4 74 N4 W M
F2? B4.3 74.9 M N N4
F28 83 73.4 M4 A M
F2f§ B3.7 73.9 A M Ha
AVERABE 83.80 74.10
N 4 4

STD.DEV, 0.56 0,54

0 C.1. 0.44 0,64




TABLE B.7.1
KELICOPTER: BOEING-VERTOL CH-470

TEST DATE: 7-12-83

OPERATION: 1CAD TAKEOFF/TARGET 1AS=83 KT5

HIC SITE: 5

RUM MO. SEL(DB) AL(DB) T{10-0B) KAl f

G40 92.2 85.7 9 4.8 .9

G4l 72.1 B5.8 12 5.8 A

G42 §2.8 87.1 ¢ 4 ]

43 ?1.8 85.8 g 6.3 4

644 93 87.8 8 8.7 o

643 74 g8.4 7 &6 .2

AERAGE 93,00 87.10 B.70 4,40 ]

N 4 é é 8 4

STD.DEV. 1.24 1.69 2.07 A A7

0 C.1. 1.04 1.39 1.70 33 M4
TAELE B.7.2

HELICOPTER: BOEING-VERTOL CH-470
TEST DATE: - 7-12-63

OPERATION: 1CAO TAKEOFF/TARGET 145=85 KTS

MIC SITE: 1

RIN NO. SEL(DB)  AL(DB) T(10-DB) KiA) g
G40 5.1 83.7 1] 4.4 o4

641 70.4 Bd.2 g 6.5 )

G4z 50.% Bd.7 ) 8.5 ]

43 0.3 B3.4 10 8.7 o

644 ?1.9 Bé.2 B 4.3 W9

649 72.1 Bé.5 7 8.7 i
AVERAGE 91,00  84.80 B.80 6.30 ]
N 4 é [ 4 é
5TD.DEV. 0.08 1.25 117 A7 .03

0% C.1. 0.73 1.03 0.%4 14 03




TAELE B.7.3
HELICOPTER: BOEING-VERTOL CH-470

TEST DATE: 7-12-83

OPERATION: 1CAD TAKEDFF/TARGET TAS=B3S KTS

NIC SITE: g
RIN RO, SEL(DB) ALCDB) T{10-DB) KiA) 0
G40 Ba.8 B1.8 NA HA M4
641 B8.2 B0.7 N NA HA
642 #9.2 B2 hé L3 N
643 88.2 BO,3 N NA M
644 89.5 B2.5 N4 M h
G435 B7.8 83.2 A NA M4
AVERAGE B7.00  B1.80
N 4 &
S§TD.DEV. 0.47 1.09
?0% LC.1. 0.55 .90
TABLE 8.8.1
HELICOPTER: BOEING-VERTOL CH-470
TEST DaTE: 7-12-83
OPERATION: ICAD APPROACH/TARGET IAS=85 KT5
NIC SITE: b
RUN ND. SELCDB)  ALCDB) TL10-DB) Kia) g
H30  100.5 93.5 g 7.3 o
H3l 78.7 1.3 ) 7.8 o
Ha2 79.4 §2.1 12 4.9 ]
H33 77.8 93.7 ¥ 6.4 3
H34  100.2 73.8 ] 8,7 ]
H33 5% B2.5 % 17,3 3

AVERAGE a0 9120 F.30 8.70 1.3
N f [ & & [
STD.DEV. 0.6% 4,35 1.22 4.2 1.82

904 C.1, 0.37 3.58 1.01 3.47 1.49




TABLE B.B.2
HELICOPTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-83
OPERATION: 1CAD APPROACH/TARGET 1AS=85 K138

HIT SITE:

RUN NO. SEL(DB) AL{DB) T{10-DB) Kia)

Han 9.2 2 10 7.2
H3l 8.4 ?1 13 b.6
Haz py.2 §2.2 0 7
H33 §7.8 92.4 12 8.9
H34 99.3 2.2 M 2]
H33 8.7 72 8 7.4

AVERAGE 99,10 92,00  10.40 7.00

N & 4 5 ]
ST0.0EV. 0.4% 0,30 1.95 W3
S C.1. .40 0.4l 1.86 27

TABLE B.8.3

HELICOPTER: BOEING-VERTOL CH-470
TEST DATE: 7-12-83
OPERATION: 1CAOD APPROACH/TARGET 1AS=83 KTS

MIC SITE:

RUN NO. SEL(DB)  AL(DB) T{10-0B) KiA)

H3b 78 7.8
H3l 97.4 gv.7
H3z 98.3 0.3
H33 99.1 0.4
H3d 78,3 1.3
H33 77,4 70.1

FEEFTFET
FEEEFES

AVERAGE 78.20  90.30
N b b
STD.DEV. 0.58 0.58

0% €.1. 0.48 0.47

- Einin s in

-
()

(=]

EEEFTEE




TABLE B.9.!
HELICOFTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-83

OPERATION: MILITARY APPROACH/TARGET 145=70 KTS

MIC SITE: bl

RUM NO. SEL(DB} AL{DB) T(10-DB) Kia) !

136 100.4 §3.1 10 7. 3

137 9.2 ¥0.8 M M N

I3 1001 4.1 7 §.3 oA

139 §9.9 93 10 8.9 g

AVERAGE §9.50  %2.80 ?.70 .80 ]

N 4 4 3 3 3

STD.DEV, 0.3l 1.3% .58 .31 M5

0% L.l 0.40 1.64 0.97 8 W08
TABLE B.9.2

HELICOFTER: BOEING-VERTOL CH-470
TEST DATE: 7-12-83

OPERATION: MILITARY APPROACH/TARGET 1AS=70 KT5

MIC SITE: !
RUN NO. SEL(DR)  AL(DE) T(10-DB)  K(A) i
134 100 92.3 12 7 5

137 98.6  90.4 T .5

138 100.4  92.9 1 7.4 .5

139 9.4 91,3 {270 75 .5
AVERABE 9970 9170 12,00 7.30 5
N q 4 4 4 4
STO.DEV,  0.85 1.0 0.B2 A4 02

0% C.1. 1.01 1,30 0.%6 18 03




TABLE B.7.3
HELICOPTER: BOEING-VERTOL CH-470
TEST DATE: 7-12-83
OPERATION: MILITARY APPROACH/TARGET 1AS=70 KTS

MIC SITE:

RUN NO. SEL(DB) AL{DB) T(10-DB) k(A

134 58 By.7 W N4
137 §1.7 B8.8 W Ha
138 78.7 5.4 e N
13% 8.5 0 M M
AVERAGE 98.20  B9.80
N 4 i
STD.DEV, 0.4¢ .75
70% C.1. 0.54 0.88
TABLE B.10.1
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: TAKEOFF/TARGET 1AS=83 KT5
MIC SITE:

RUN ND. SELLDB)  AL(DB) T(10-DB) KA

147 84.2 77.3 14 5.7
449 B8.3 8 14 7.4
43l B87.9 B0.5 1 7.1

AVERAGE 84,20 78.40 13.70 6.80
N 3 3 3 3
ST0.DEV. 1.87 1.48 2,52 o7

04 C. 3.13 2.84 4,24 1.31

(= ]

FESSE

11

A7



TABLE B.10.2
HELICOPTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-83
OPERATION: TAKEOFF/TARGET 1A5=85 KTS

MIC SITE:

RUN NO. SEL{(DB) AL(DB) T{10-DB) Kif)

J47 85.8 774 14 .8
J47 8.4 Fi) 13 4.8
J5l 87,8 7%7.8 13 7.2

AVERAGE B&.70  78.80  14.00 .90

N 3 3 3 3
STD.DEV, 1.01 1.11 1.73 «21
¥ C.1, 1.70 1,88 2,92 « 36

TABLE B.10.3

HELICOFTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: TAKEOFF/TARGET 145=85 KTS

MIC SITE:

RUN NO, SEL(DB) AL(DB) T(10-DB) KiA)

J47 B4.4 73.8 M M
J49 Ba.7 74,7 h N4
Jl Bs.2 7.4 M M4

AVERAGE 85.50  76.50
N 3 3
ST0.0EV, 0.82 0.47

0% C.1. 1.38 112

Hif

= =

FEE




TABLE B.11.1
HELICOPTER: BOEING-VERTOL CH-470

TEST DATE: 7-12-83
OPERATION: APPROACH/TARGET 1AS=100 KTS

NIC SITE:

RUN NO, SEL(DB)  AL(DB) T(10-DB) LIGH

Kdd §7.3 B9.8 iz 4.9
K48 973 91.4 N4 M
K50 771 71.4 N 2]
152 78.5 B9.8 A &

AVERAGE 97.10  §0.40 12,00 4.90

N 4 4 l

e

ST0.0EV. 0.43 0.92

f0% C.1. 0.51 1.09

TABLE B.11.2
KELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: APPROACH/TARGET 1AS=100 KTS

MIC SITE:

RUN ND, SELCDB) AL{DB) T(10-DB) Kiad

Kdé 8.1 91.1 10 7
k48 e HA 7 HA
K3l 97 #l ¥ f.3
K52 §7.3 1.1 ¥ 8.9

AVERAGE 97.50  %1.10 7.30 6,80
N 3 3 4 3
STD.DEV. 0.57 0.08 0.30 37

9% C.1. 0.76 0.10 0.57 62

TEEETL =

on

L]




TABLE B.11.3
HELICOPTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-83
OPERATION: APPROACH/TARGET 1AS=100 KTS

MIC SITE:

il

RIN MO, SEL(DB) ALCDB) T(10-DB) Kia)

Kdd §7.4 F.2 N N4 M
K48 75.9 By N N M4
Kal 7é.4 BY.4 Nt N M
K52 94.4 B2.5 A NA M4
AVERAGE PE.60  BP.4D
N 4 g
STD.DEV. 0.7l d.49
704 C.1. D.84 0,56
TABLE B.12.]
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
JFERATION: MILITARY TAKEOFF/TARGET 145=7D KTS
MIC SITE: ]
RUN ND. SEL(DB) AL(DB) T{10-DB) Kia) f
L33 9l B3 ¥ 4.3 A
Lo 0.8 B4.8 ¥ bad o4
L55 7.4 83.4 i 6.3 l
AVERAGE ?1.10 83,10 F.00 &40 4
N 3 d 3 d 3

STD.DEV, 0.42 0.31 0.00 2 .01

904 C.l. 0.70 0.52 0.00 . Q2




TABLE B

HELICOPTER: BOEING-VERTOL CH-470

TEST DATE:

OPERATION:

RUN NO.
L53
L54
LS5
AVERAGE
N
ST0.DEV.

90% C.1.

7-12-83

MILITARY TAKEOFF/TARGET 1AS=70 KTS

SEL(DE}

90.30
3
0.10

0.17

J2.2

HIC SITE:
AL(DBY T(10-DB) Kiad
83.7 ) 4.8
B3.3 11 8.7
B3.3 11 bad
§3.50 10.30 4:70
3 3 3
0.20 1,13 07
0.24 1.93 A6
TABLE B.12.3

HELICOPTER: BOEING-VERTOL CH-470

TEST DATE:

(OPERATION:

RUN NO.
L33
L34
L35
FAVERAGE
N
STO.DEV.

707 C.1.

7-12-82

NILITARY TAKEOFF/TARGET 1AS=70 KTS

BEL(DB)
B

BA.&
BY.4
8.7

3

0.70

1.18

MIC BITE:
AL{DB) T10-0B) Kia)
793 HA NA
1 M NA
B1.9 N N
80,70
3
1.04

1.75

{3

A5

EET




APPENDIX C
Magnetic Recording Acoustical Data for Statile Operations

This appendix contains time averaged, A-weizhted sound level data along
with time averaged, ome-third octave sound pressure level ianformation for
eight different directivity emission angles. These data were acquired
June 6 using the TSC magnetic recording system discussed in Section
5-6-14

Thirty-two seconds of corrected raw spectral data (64 contiguous 1/2
second data records) have been energy averaged to produce the data
tabulated in this appendix. The spectral data presented are "As Measured”
for the given emission angles established relative to each microphone
location., Also included in the tables are the 360 degree (eight emission
angle) average levels, calculated by both arithmetic and energy averaging.
The data reduction is further deseribed in Section 6.1. Figure 6.1
(previously shown) provides the reader with a quick reference to the
emission angle convention.

The data contained in these tables have been used in analyses presented in
Sections 9.7 and 9.7. The reader may cross reference the magnetlic
recording data of this appendix with direct read static data presented in
Appendlx D.




Appendix C

"As Measured" 1/3 Octave Noise Data--Static Test are presented.

The key to the table numbering system is as follows:

Table No. c. 1-1H.

B

Appendix No.

Helicopter No. & Miecrophone Location

Page No. of Group

Table No. C.1-X.X  Aerospatiale SA-365N (Dauphin)
C.2-X.,X Aerospatiale SA-355F (Twinstar)
C.3-X.X Aerospatiale AS-350D (Astar)
C.4-X.X Sikorsky S-76 (Spirit)
C.5-X.X Bell 222
C.6-X.X Hughes 500D
C.7-X.X Boeing Vertol = CH-470D (Shinook)
Microphone No. 1H (soft) 150 m northwest
2 (soft) 150 m west
4H (soft) 300 m west
5H (hard) 150 m north
Page No. Hover-in-Ground-Effect

Flight Idle
Ground Idle
Hover-Qut-of-Ground-Effect

W G B




C.7=iH.1 {(REV.1)

TABLE NO.
VERTOL CH-470 HELICOFTER (CHINOOK)
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APPENDIX D

Direct Read Acoustical Data for Static Operations

This appendix contains time averaged, A-weighted sound level data {Leg
values) obtained using direct read Precision Integrating Scound Level
meters. Data are presented for microphone locations 5H, 2, and 4 (see
Figure 3.3).

A description of the measurement systems is provided in Section 5.6.2, and
a figure of the typical PISLM system is shown in Figure 5.4. Data are
shown in Table D-1, depicting the equivalent sound levels for eight
different source emission angles. In each case the angle is indexed to
the specific measurement site. A figure showing the emission angle
convention is included in the text (Figure 6.1). In each case, the Leg
(or time averaged AL) represents an ayerage over a sample period of
approximately 60 seconds.

(Quantities appearing in this appendix include:

HIGE Hover—in—ground-effect, skid height 5 feet above
ground level

HOGE Hover-out-of-ground-effect, skid height 30 feet
above ground level

Flight Idle Skids on ground

Ground Idle Skids on ground




BOEING-VERTOL CH-470

7-12-83
SITE 4H
HIGE

H-90
M-43
M-0
H-313
M-270
N-223
H-180
H-135

SITE 2
HIGE

H-90
H-43
N-0
H-315
H-270
N-225
M-180
M-133

S1TE SH
HIGE

M-90
H-45
H-0
H-315
H-270
M-225
N-180
M-133

75.90
74,50
62.00
49.20
74,30
77,30
48.50
73.30

76,40
77.490
&7.20
77,60
77,70
80.80
73,90
g4.80

85.10
78,00
7.0
75.10
7%.80
74.40
B0.20

TAELE 0.1

STATIC OPERATIONS
DIRECT READ DATA
(ALL VALUES A-WEIGHTED LE@, EXPRESSED IN DECIBLES)

FLT.IDLE GRN, TOLE HOGE
N-704 58.80 N-70B 51,00 0-%0
H-456 33,90 N-43E 47.70 0-45
N-04 36.00 N-0B 48,10 01
N-3154 54,30 N-3158 a2.00 0-3135
N-270A 6,60 N-2708 49,40 0-270
N-2254 J6.80 N-2238 49.30 0-225
N-180A a7.20 N-1808 49.40 0-180
N-13% 35,50 N-1358 48.50 0-135
FLT.IOLE GRN L TOLE HOBE
N-704 70.80 N-F0B 44,40 0-%0
H-454 72.80 N-43E &340 0-43
N-04 &7.70 N-08 64,60 -0
N-3154 73.40 N-3136 &6 .60 0-315
N-270A 71.10 N-Z708 64,10 0270
N-2234 70.60 N-2238 41.20 0-225
N-180A 70.50 N-1E0R 48,70 0-180
H-13% 70.20 N-1358 dd.20 B-133
FLT.IDLE GRN.TDLE HOBE
N-70A 76,30 H-708 48.10 0-%0
N-454 7590 N-438 4%.el 0-45
H-0A 78.40 N-08 45,40 0-0
N-3154 74.30 N-3158 47,70 0-3135
N-2704 73.00 N-270B 70.50 0-270
N-2204 77.10 N-2238 74.10 0-223
N-1804 72,00 N-1808 4720 0-181
N-13% 78.30 N-1358 47,90 0-133

73.20
75.90
76,70
78.00
76,00
79.00
7%.00
78.70

80.20
82,50
B2.80
B4.20
B2.70
B6.20
B4.10
86,40

g%.10
71.00 -
B4.80
87.40
B4.30
B5.70
ba.80
#0.40



APPENDIX E
Cockpit Imstrument Photo Data

During each event of the July 1983 Helicopter Noise Measurement program
cockpit photos were taken. The slides were projected onto a screen
(considerably enlarged) making it possible to read the instruments with
reasonable accuracy. The photos were supposed to be taken when the
airecraft was directly over the centerline—center microphone site,

Although this was not achieved in each case the cockpit photos refleet the
helicopter "stabilized" configuration during the test event. One
important caution is necessary in interpreting the photographic
information; the snapshat freezes instrument readings at one moment of
time whereas most readings are constantly changing by a small amount as
the pilot "hunts" for the reference condition. Thus fluctuations above or
below reference conditions are to be anticipated. The instrument readings
are most useful in terms of verifying the region of operation for
different parameters. The data acquisition is discussed in Section 5.3

Each table within this appendix provides the following information:

Event No. This event number along with the test date provides
a cross reference to other data.

Event Type This specifies the event.

Time of Photo The time of the range control synchronized clock
consistent with acoustical and tracking time
bases,

Heading The compass magnetic heading which fluctuates

around the target heading.

Altimeter Specifies the barometric altimeter reading, one of
the more stable indicators.

TAS Indicated alirspeed, a fairly stable indicator.

Rotor Speed Main Rotor speed in RPM or percent, a very stable
indicator.

Torque The torque on the main rotor shaft, a fairly stable

value,
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AFPENDIX F
Photo-Altitude and Flight Path Trajectory Data

This appendix contains the results of the photo—altitude and flight path
trajectory analysis.

The helicopter altitude over a glven microphone was determined by a
photographic technigque which involves photographing an aircraft during a
flyover event and proportionally scaling the resulting image with the
known dimensions of the aircraft., The data acquisition is described in
detail in Sectiom 5.2. The detailed data reduction procedures is set out
in Section 6.2.1; the analysis of these data is discussed in Section 8.2

Fach table within this appendix provides the following information:

Ewvent No. the test run mumber
Ezt, Alt. astimated altitude above microphone site
P-aAlt. altitude above photo site, determined by

photographic technique

Est. CPA estimated closest point of approach to microphone
site
Est. ANG HBelicopter elevation with respect Lo the ground as

viewed from a sideline site as the helicopter
passes through a plane perpendicular to the flight
track and coincident with the observer location.

ANG 5-1 flight path slope, expressed in degrees, between
P=Alr site 5 and P-Alt site 1.

ANG 1-4 flight path slope, expressed in degrees, between
P—Alt Site 1 and P-Alt Site 4.

ANG 5-4 flight path slope, expressed in degrees, between
p-Alt Site 5 and P-Alt Site 4.

Reg /D Angle flight path slope, expressed in degress, of
regression line through P-Alt data poincs.



TABLE F.[
HELICOPTER: BOEING-VERTOL CH-470

TEST DATE: 7-12-83

OPERATIOM: 500 FT.1CAD FLYOVER/TARGET 1AS=135 KT§

CENTERLINE

HIC 75 HIC Rl HIC #4
EST. EST. EST,
EVINT NO  ALT. P-ALT,  ALT. P-ALT. ALT. P-ALT,

AL 499.8  500.7 521; 309.9 544 5482
A2 533.1 518, 53487 568.7 5397 59
A3 525.7 5259 SIS S520.2 S06.9 506.8
AY 5247 5255 (516.9519.3 510.7 5114
A S31.6 530 <530 5343 S28.7 52,7
Aé  560.8  557.4-549.5 ) 572.6 5765 5774

AVERAGE 529.3 5263 532.3 537.5 i34.8 531,
STD. DBV 19.6  1B.5  19.% 74,9 23.4 25

TABLE F,2
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83

OPERATION: 500 FT.MILITARY FLYOVER/TARGET 1AS=135 K15

CENTERLINE

HIC #5 MIC #1 HIC 84
EST. EST, EST.
EVENT ND  ALT, P-ALT.  ALT. PALT.  ALT. P-ALT,

B7 484.8 484.1 <4840 4915 4B1.9 47,5
B8 524.5 9523.4 531/ 530 53.27 5.
B 505,7 504.5 <5040 509.1 062 304.5
BIO 504,10 GD1.8 - 513.9 05138 521.7 519.3

AVERAGE  505.3 503.5 508.8 511,10 5115 30%.4
STD. DEV 154 144 195 15.8 3.2 A4

HIC #2

EST.
CPA

19,7
728.]
712.4
f13.7
723.1
702,48

725
14,7

HIC #2

EST.
CPA

&90.2
723.%
705.8
711.4

707.8
14

SIDELINE

SIDELINE

NIC ¥3
EST, ELRY
CPa ANG
727.8 47,5
N34 44,3
7144 44,4
723.3 47,1
fal.8 49,2
4.7 423
14.4 1.1

MIC #3
EST. ELEV
CFa ANG
470.5  44.5
723.3  47.2
705.8  45.8
710,53 46,3
70735 46
13.4 11

REG.
W]
ANGLE

24
-3 o

- ¥

"l&-lrr

REG.
C/
ANGLE



TABLE F.3
HELICOPTER: BOEING-VERTOL CH-47D

TEST DATE: 7-12-83

OPERATION: 500 FT.FLYIVER/TARGET 1A5=135 KT5

CENTERLINE S1DELINE
MIC #3 MIC #1 MIC &4 HIC #2 HIC #3 REG.
EST. EST, EET. B9 BV ES]. (ELEM NG ANG ANG £/
EVENT N0 ALT. P-ALT. ALT. P-ALT. ALT. P-ALT, CPA MG CPA ANG a1 1-4 -4 ANGLE
i1 5183 §1B.% S09.% 513 303.3 503,77 7084 45  707.4 44 = -1 ] =7
C12  404.9 633.992 534.3 5114 4745 S07.5 7263 474 7332 41 -13.9 = SR =S
£13 485.4 484,01 483.7 487.6 482.3 480.6 690 44,5 &80 440 4 = = |
C14  511.2 513.4 310.7 304 510.3 13 9.0 48] 70%.2 4é.d -8 B 0
AJERAGE 530.4 537.4 509.7 5045 493 G012 F0B. 4 710.5 45.%
57D, DV 52,9 440 207 117 142 143 14,8 12 14 1.1
TABLE F.4
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: 500 FT.FLYDVER/TARGET 1AS=120 KT3
CENTERLINE SIDELINE
MIC #5 NIC #1 HIC &4 HIC #2 MIC #3 REG,
EST, EST. EST. EST, ELEV  EST. ELRV ANG ANG ANG c/D
EVENT ND  ALT., P-ALT. ALT. P-ALT. ALT. P-ALT. CPA ANG L4 ANG 3=l =4 3-4  ANGLE
DS 476.7 479,86 476,4 469.% 476.2 479.9 4847 4] 4B4S 44 -1 1.2 ] 0
Dl4 494 474.B 498.8 500 500.6 499.2 700.5 d45.4 700.2 45.4 o 0 53 2
Di7  487.7 4B0.4 4F7.4  50B.3  G505.9 457  499.7  45.3 4988 454 32 -l ! B
Dlg  487.1 489 490 4B4.1 4923 4948 4944 440 4PALL 849 -3 1.2 3 o
DIF  487.8 489 473.7 478.3 4824 463.3 83 439 42 438 Sl -4720 -ld -2

AVERAGE  487.1 484,64 487,2 4B8.2 487.4 4868 492.5 44,7 8925 M7
5T0. DEV 6.9 64 1.7 4537 17 6.2 8.2 s 7.4 8




HELICOPTER:

TEST DATE:

OPERATION:

EVENT ND

E20
E21
E22
E23
E24
E25

AVERAGE
§TD. DR

HELICOPTER:
TEST DATE:

OPERATION:

EVENT ND

F2éd
k7
F28
FZ7

AVERAGE
51D, DEV

TABLE F.5

BOEING-VERTOL CH-470
7-12-83
500 FT.FLYOUER/TARBET 145=105 KT
CENTERLINE SIDELINE

NIC 45 HIC 41 HIC #4 HIC 42 HIC 43
EST, EST. EST, EST. ELEV EST, ELEV
ALT. PALT. AT, PALT, AT, PALT, P4 A6 CPA  ANG
4.2 417, 4184 4095 4207 4254 6458 404 S5 40
57.9 5185 5073 5114 498.8 4992 7067 459 7008 45.8
§19.8 5218 5264 S5 536 SM.A 75 469 M99 @
5.6 5238 44 529.2 5284 520 7400 468 7192 448
5.7 5317 S45.2 5490 5528 8.2 7344 479 35 4
5.2 M S22 5259 S03.8 S5 274 467 62 M
9.7 S02.4 507.3 073 053 506 W73 458 W7 456
9.9 4 452 5.6 454 432 B4 27 ;3 3

TRBLE F.¢
BOEING-VERTOL Ci-470
7-12-83
1000 FT.FLYOVER/TARGET 14S=135 KT5
CENTERLINE SIDELINE

NI 45 NIC #1 HIC #4 MIC 42 MIC 43
EST. EST. EST, EST. BV EST.  ELEV
AT, P-ALT, AT, PALT, AT, PALT.  CPA A6 CPA AN
2.8 3.4 Coa8o w7 M ALY @4 10615
99,5 9109 289042 8961 N 10282 64 10276 M
957.3 9403 (942.6. V.6 9229 MR 10633 424 1020 MA
94,2 945.4 (TI.IN 93B5 93 N 10584 2.3 107.8 M
93 937.0 9.6 9317 9253 ERROR 10527 62.0 10523 ERROR
2.3 2.0 182 186 2.2 0 165 .5 165 ERRGR

EEESE

h
1]
e

FEEE

REG,
C/p
ANGLE

B¢
=7
=“1ib




TABLE F.7
HELICOPTER: BOEING-VERTOL CH-470

TEST DATE: 7-12-83

OPERATION: ICAD TAKEDFF/TARGET 1AS=83 KT5

CENTERLINE SIDELINE
MIC 15 MIC ¥ MIC 4 MIC #2 MIC §3 REG.
EST. EST. EST. EST. ELEV EST. ELBV A6 ANG A6 C/D
BT ND AT, P-ALT. ALT. P-ALT. ALT. P-ALT,  CPA NG R AN 51 14 54 ANGLE
G40 282.0 257.3 (L. 3877 4M.8 444 g6 3.2 6178 e 148 65 107 97
BAl 258 14 36,3 73475 4563 440.1 44,6 38 462 M4 122 107 U4 102
G2 2101 1944 5.6-293.5 3 339 9.2 .8 29 24 AL4 o B 9.8 8.8
B3 1.8 205 T M9.5 sl 8 se2 ¥ a2 @77 133 413 23 L
B4 1566 1429 25370 2835 W|LL B9 e w3 M8 28 04 97 b 9
o5 1834 1710 2670205 W49 33 S0 8é 8B om0 9.2 83 870
AUERAGE  223.8 2048 225.6 310.4 4067 3895 5916 933 GRAS 33
STD. DV 48.3 447 5.6 61 4B 49 33 47 298 47
TABLE F.8
HELICOPTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: 1CAD APPROACK/TARBET 1AS=85 KTS
CENTERLINE SIDELINE
NIC 5 MIC &1 MIC #4 MIC #2 MIC §3 REG.
EST, EST. EST, EST. ELEV EST. ELEV MG ANG A6 L/D
RENT N0 ALT. PALT. AT, PALT, ALT. PALT, CRA AN6 PR e 5 1A 54 ANBLE
W0 8.9 3059 (B2 4165 4950 422 3.4 412 68 AL 93 nEST RSS2
Wy 327 A9 45,50 438.2 3.6 9.3 637 422 5 A28 B 5.0 18 68
4 309 .6 42550 4114 7B dses S 407 27 4L B A S
B3 R Mae 4@ 407 26 49 w2 Mg 5l 1D s 8 ord
44 363 NS4 CAILL 47 483 4732 N8 M7 63 2 52 102 9.7 86
M5 3402 9.5 (49 427 S0L9 A9LT 94 AL 27 A g3 81 B2 7.3

AVERABE 351,64 339.2 430.% 417.2 474 4817 654 41,2 447.4 414
§T0. DBV 194 183 13.3 184 1 7.9 B.7 ) 9 .9




TABLE F.?

HELICOFTER: BOEING-VERTOL CH-470
TEST DATE: 7-12-83
OPERATION: MILITARY APPROACH/TARGET 1AS=70 KTS
CENTERLINE SIDELINE
MIC #3 HIC #! MIC 84 HIC #2 MIC #3 REE.
EST. EST. EST. EST. ELEY EST. ELRY ANG ANG ANG LD
EVENT ND  ALT. P-ALT. ALT. P-ALT.  ALT. P-ALT. CPA ANG CPA ANG o=l 1-4 J-4  ANGLE
136 373.3 357.8 441.9 90 332.6 §14.9 474.9 43,2 4421 4346 104 7.7 ¥.2 8.2
137 383 349.5 453.9 442 524.8 509 649.4 42,7  461.7 431 1D.4 7.8 7.2 B.3
138 374.% 357.8 445.2 46 537.2 519.5 677.1  43.4 449,2 438 113 7.4 7.d B.4
13 379.3 345.4 4533.9 446 513.4 457 é89.4 427 443 43 7.3 6.1 7.7 6.7
AVERABE  373.1 357.6 458.7 448.5 w? B e 43 463,33 434
ST, DRV é 8.9 3.7 6 10.4 9.2 4.9 g 3.3 .4
TABLE F.10
HELICOFTER: BOEING-VERTOL CH-47D
TEST DATE: 7-12-83
OPERATION: TAKEOFF/TARGET 145=85 KTS
CENTERLINE SIDELINE
MIC #3 MIC #1 MIC B4 NIC %2 HIC #3 REG.
EST, EST. EST. EST. ELEV  EST. ELRV AN AN ANG c/0
EVENT N0 ALT, P-ALT. ALT. PALT, ALT. P-ALT. CPA ANG CPA ANG 3-1 1-4 5-4  ANBLE
447 74,2 671 737.9 711.4 788.7 787.4 BBA.Y 56.3 BB0.1  54.5 4.7 8.8 6.7 5.9
J47  807.4 5954 671.2 4845 722,72 T09.8 8322  S53.8 8257 54 g 3.4 8.4 3.7
051 495,7 491.é  423.2 545.1 7.9 785.1 %4 8.7 7813 52,1 B.3 18 3.3 1.8
AVERAGE  59Z2.4 384 &77.5 447 745,3 740.8 B37.7 539 B2?  54.2
ST0. DEV  90.2 90.1 574 M7 3.7 4l 44,7 2.3 49.3 2.2




HELICOPTER: BOEING-VERTOL CH-470

TEST DATE:

OPERATION:

EVENT WO

ka4
Kag
K30
K52

AVERAGE
§T0. DEV

-12-83

APPROACH/TARGET 145=100 K13

HIC #5

EST.
ALT.

4.3
420.%
415.%
408.%

413
4.9

P-ALT.

404.2
413.4

410
403.1

408.7
3.4

CENTERLINE

HIC #1

EST,
ALT.

454.3

447
482,35
443,2

454.7
10.3

HELICOPTER: BOEING-VERTOL CH-470

TEST DATE:

7-12-83

P-ALT,

451.3
434,46
451 .3
438.3

448,97
7.2

TABLE F.11

MIC &4

EST.
ALT.

484.1
503.7
497.4
470.4

450
15

TABLE F.12

OPERATION: MILITARY TAKEOFF/TARGET 1AS=70 K75

EVENT NO

L33
L54
L3S

AVERAGE
510, DEV

CENTERLINE
HIC #3 HIC #1
EST. EST.
ALT. P-ALT.  ALT. P-ALT.
264.6 254.437 43 32.1
286.3 274.273 309.6 343.6
78.7 NA  338.3 328.¢
276,53 265,35 347.6 332A
1 153 10,9 5.8

P-ALT,

7.7

479
474.1
464.3

483.8
15.8

HIC ¥4

EST.
ALT.

409.2
418.1
383.8

404.3
16.7

P-ALT,

400
408.5
374.1

3rd. 8
14.8

SIDELINE
HIC &2 HIC #3
EST. ELEV  EST. ELEW
CRA ANG CPA ANE
669.6  42.7 4662 4.9
478.3 43.5 4M.3 4.7
675.2 4.2 é&M.2 434
4622 42  #5%.2 422
671.3 42§ &&7.7 43l
7.1 . dud o
SIDELINE
HIC #2 MIC %3
EST, ELBV  EST. ELEW
CPA ANG CP# ANG
600.9 35 5950 3(.S5
407.4 36,2 4037 3.4
597.1 4.5 59%.4 N
§02,5 35.2 SR 3d.l
6.3 .9 4.4 .8

i

L o D 2N
b T i
Lol - - L 4 B K ]

b B < <] I'-rﬂ‘
—_

Ton

8.7
7.3
3.3

REG,
ANG £/
3-4  ANGLE
4.2 3.7
4.8 4.3
4.9 4.3
dud 3.2

REG.
NG t/0
-4  ANGLE
B.4 7.3
7.7 6.8
N 3.3



APPENDIX G

NWS Upper Air Meteorological Data

This appendix presents a summary of meteorological data gleaned from
National Weather Service radiocsonde (rawinsonde) weather balloon
ascensions conducted at Sterling, VA. The data collection is further
described in Section 5.4. Tables are identified by launch date and launch
time. Within each table the following data are provided:

Time

Surface Height
Height
Pressure
Temperature

Belative
Humidity

Wind Direction

Wind Speed

expressed first in Eastern Standard, then in
Eastern Daylight Time

height of launch point with respect to sea level
height above ground level, expressed in feet
expressed in millibars

expressed in degrees centigrade

expressed as a percent

the direction from which the wind is blowing
(in degrees)

expressed in knots
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APPENDIX H
NWS = TIAD Surface Meteorological Data
This appendix presents a summary of meteorological data gleaned from
measurements conducted by the National Weather Service Station at Dulles.
Readings were noted evey 15 minutes during the test. The data acquisition
is described in Section 5.35.

Within each table the following data are provided:

Time( EDT) time the measurement was taken, expressed in
Eastern Daylight Time

Barometric expressed in inches of mercury
pressure
Temperature expressed in degrees Fahrenheit and centigrade
Humidity relative, expressed as a percent
Wind Speed expressed in knots

Wind Direction direction from which the wind is moving
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APPENDIX I

Un—5ite Meteorological Data

This appendix presents a summary of meteorological data ceollected on-site
by TSC personnel using a climatronics model EWS weather system. The
anemometer and Cemperature sensor were located 5 feet above ground leyel
at noise site 4., The data collection is further described in Section 5.5.

Within each table, the following data are provided:

Time( EDT)
Temperature
Humidity
Windspeed
Wind Directicon

Remarks

expressed in BEastern Daylight Time

expressed in degrees Fahrenheit and centigrade
expressed as a percent

expressed in knots

direction from which the wind is blowing

observations concerning cloud cover and visibility
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